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Preface

The AFCRL program of measurements supporting the SAMS rain erosion pro-
ject at Wallops Island, Virginia during the 1972-73 season was conducted as a
joint team effort by various members of the Weather Radar and Convective Cloud
Physics Branches of the Meteorology Laboratory, AFCRL, = Contractual support
was provided by the Applied Physics Laboratory of Johns Hopkins University and
by Meteorology Research Inc,, Altadena, California, The program was directed
by Dr. Robert M, Cunningham, of the Convective Cloud Physics Branch, and
supervised by Dr, Kenneth R, Hardy, of the Weather Radar Branch,

The AFCRL and contract contributors to the measurement program are iden-
tified in the following list, and their efforts toward the accomplishment of the SAMS
objectives are acknowledged, Special thanks are extended to Mr, Alfred A, Spatola
and Mr, Robert O, Berthel for their considerable help in performing analyses and
computations, and reviewing, and criticizing the manuscript.
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Virginia
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‘Mr Force Cambridge Research Laboratories (AFCRL) was redesignated Air
Force Geophysics Laboratory (AFGL) 1 February 19786.
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Hydrometeor Data and Analytical - Theoretical

Investigations Pertaining to the SAMS Rain Erosion Program
of the 1972-73 Season at Wallops Island, Virginio

AFGL /SAMS Report No.5

1. INTRODUCTION

The liquid-water-content values and other associated hydrometeorological
information for the trajectories of the SAMS missiles launched in the 1972-73
season that are presented in this report, were determined from radar, surface,
and aircraft data obtained at Wallops Island, Virginia on the days of firing,

The dates, times, and circumstances of the missile launch operations are noted
in the main text of this report and the general weather conditions at the times of
firing are indicated. The profiles of liquid-water-content and the integral of
liquid-water -content for the trajectory paths of the missiles that are presented
were determined from radar measurements, Comments are made about the cloud
liquid-water -content measurements obtained from the AFGL (formerly AFCRL)
C-130A and the Meteorology Research Inc. (MRI) Navajo aircraft. Reference is
made to the summary data tabulations and hydrometeor size-distribution informa-
tion presented in Appendix G.

The report is organized such that the analytical results of immediate, direct
pertinence to the erosion problem are presented in the main text. All background
material and supplementary information are included in appendices, This format
of presentation conforms with the agreement of the SAMS-ABRES conference at
AFCRL on 7 and 8 March 1974,

(Received for publication 30 June 1977)
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There are eight appendices to the report, as identified in the Table of Contents,
The weather, ¢loud, and precipitation situations on the days of the missile flights are
discussed in Appendix A. The radar structure of the storms, in the launch direc-
tions, is illustrated in Appendix B. Values of the radarand hydrometeor parameters
along the missile trajectories are described and tabulated in Appendix (", Surface
measurements of precipitation rate and liquid-water-content are presentedin Appendix
D. Certain aircraft storm data acquired by the AFGI. C130A aircraft, also particu-
lar empirical and theoretical analyses,are discussed in Appendix F. The data ob-
tained by the MRI Navajo aircraft are referenced in Appendix ¥, Spectral information
concerning the number concentrations and liquid-water-content contributions of the
various size classes and types of hydrometeors along the missile trajectories is pro-
vided in Appendix (i, Additionally presented the. e n are the equations of the double
truncated, exponential model that describes the spectral characteristics of precipi-
tation size hydrometeors, Special background studies are included in Appendix H.

The figures and tables of these appendices are presented in numerical order by
"common subject’’, rather than by "storm date’. This is advantageous, in fact al-
most necessary, for the logical discussion of the subject matter, but it poses diffi-
culties for the reader who wishes to inspect and intercompare all of the measure-
ment results pertaining to a single missile flight, or a single storm. The large
number of the text figures and tables add to the difficulty. The author has attempted
to alleviate these problems somewhat by having the "thumb edge pages' of the sepa-
rate appendices indexed by "hleed printing”’. The beginning page number of each
appendix, and the page number of each figure and table, are also listed in the front
of the report, in the Table of Contents, and in the L.ist of [llustrations and Tables.

Note is made of the previous reports of the AFFCRI./SAMS series, The Wallops
1sland radars, the radar measurementtechniques, andthe calibration procedures
were described in AFCRIL./SAMS Report No. '. The methods used to obtain liquid-
water-content values from the radar data for the missile trajectories were explained
in AFCRL/SAMS Report No. 2. l.iquid-water-content and size-distribution informa-
tion for the SAMS missile flights of the 1971-72 season were provided in AFCRL/
SAMS Report No. 3. Climatological data for selected Wallops storms were pre-
sented in AFGL/SAMS Report No. 4. These reports will subsequently be referenced
as RNo. 1, RNo. 2, R No. 3, and R No, 4, +2:3-4
m. V.G, (1974} A Summary of the Radar Equations and Measurement Tech-

niques Used in the SAMS Rain Program at Wallops Island, Virginia, AFCRL-
SF{MS Report No, 1, AF CRE-IR-!%-UUH. Spec{a! Reports No. 172.
2. Plank, V.G, (1974) Hydrometeor Parameters Determined From the Radar Data

of the SAMS Rain Erosion Program, AFCRL /SAWS Report No. 2, AFCRL-
=14~ 3 0. X
3, Plank, V.G, (1974) Liquid-Water-Content and Hydrometeor Size-Distribution
Information for the ékMS Missile Flights of fH‘e T971-1972 Season at
Wall TsTand, Virgini KFCRE?S#‘VIS Report No. 3, AFCRL.-TR

allops Island, nia, {ep , .=TR-74-0296,
Special Reports No, 178,

4, Berthel, R.0Q. (1976) A Climatology of Selected Storms for Wallops Island,
Virginia, 1971-1975, SAMS Rego,ﬁ No. 4, AFGL-TR-76-0118, ERF No. 563.
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2.  FLIGHT CIRCUMSTANCES AND WEATHER CONDITIONS

Four misasiles were launched during the 1972-73 season, The first and second
(Q2-6360 and Q2-6361, Unit Nos, R487101 and R487102) were fired on 2 I'ebruary
1973, at the times 1408:00 and 1408:30 GMT. They were launched into a storm
associated with an occluded frontal system and warm front which had extensive
cloudiness and a large area of surface precipitation. The third and fourth missiles
(Q2-6362 and Q2-6363, Unit Nos. R487103 and R487104) were fired on 27 February
1973, at 1040:00 and 1040:30 GMT, through the clouds und precipitation of a dissi-
pating open wave svstem that was passing the Wallops urea, about 200 miles to the
south,

The missiles were of the two-stage, Terrier-Recruit type. Thev were fired
from "Launch Pad Zero" in the 146° azimuth direction, see the map of Figure D1,
Appendix D. The erosion objectives and results of the flights have been reported
by Cole, Church and Marshall, ‘

The storm conditions at the launch times, and before and after launch, are
discussed in Appendix A, Surface weather maps, satellite photographs, and storm
cross-sections are presented that reveal the general cloud and precipitation condi-
tions, The radar echo-structure of the storms in the 146° launch direction of the
missiles is shown in Appendix B, The surface rainfall-rates and liquid-water-
content values during the launch periods are illustrated in Appendix D.

3. PROFILES OF LIQUID-WATER-CONTENT AND INTEGRAL OF
LIQUID-WATER.CONTENT FOR THE MISSILE TRAJECTORIES
AS DETERMINFED FROM RADAR DATA

The solid-line profiles of Figures 1 through 4 show the radar-determined values
of liquid-water-content (M) vs altitude for the four missile flights of the 1972-73
season, The values pertain to the missile trajectories but they are plottea vs the
altitude of the trajectory points above the ground (or sea) level.

The dashed-line profiles of Figures 1 through 4 show the values of the integral
of liquid-water-content (fMd Rs) which have been integrated, cumulatively, from
the launch pad upward, along the course of the missile trajectories, to the storm
top altitudes. The maximum, ''total storm passage'' value of the integral is indi-
cated at the top of each profile, by the drafted numbers. The units of the integral
are gm m'z. The assumptions and equations used to compute the values of the

integral were discussed in R No, 2,

*Sandia Corporation, Albuquerque, New Mexico.
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Figure 1. Profiles of Liquid-Water-Content (M)
and Integral of Liquid-Water- Content (j Md R,)
for the Missile Trajectory of Flight No. Q2-6360
(Unit No. R487101) of 2 February 1973, Launched
at 1408:00 GMT

The hydrometeor regions and transition zones of the storms are also indicated
in Figures 1 through 4. These regions and zones were established from aircraft
observations and/or radiosonde temperatures. The letter symbols used in the
figure are identified in Table 1. This table additionally lists the empirical equa-
tions, relating Pvs Z, Mvs Z and M vs P, see R No. 2, that were employed in
the liquid-water-content computations for the different hydrometeor categories and
types defined for the 1972-73 season. The definitions are consistent with those of
Table 2, R No. 2.
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of this appendix.
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Figure 2. Profiles of Liquid-Water-Content (M)
and Integral of Liquid-Water-Content ( { Md Rg)

for the Missile Trajectory of Flight No. Q2-6361
(Unit No. R487102) of 2 February 1973, Launched

at

1408:30 GMT

Background and auxiliary information about the radar and hydrometeor condi-
tions along the missile trajectories is supplied in Appendix C. Diagrams and pro-
files of the radar integration signal, T,, are presented in Figures C1 through C8
Profiles of the radar reflectivity factors for water and ice
hydrometeors, Zw and Z[, are presented in Figures C7 through C10. Profiles of
the precipitation rate, P, are presented in Figures Cl1 through C14.

The numerical values of the radar and hydrometeor parameters for the missile
trajectories are listed in Tables C1 through C4, for each data point altitude,
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maximum values; the actual values are something

Indeterminately smaller

$. CLOUD LIQUID-WATER-CONTENT VALUES FOR THE
MISSILE TRAJECTORIES

In addition to the liquid-water-content values measured by the radar, which
pertain to hydrometeors of precipitation size (those having drop diameters, or
equivalent melted diameters, larger than about 80 microns) there is substantial
liquid-water-content present in the Wallops storms in the cloud size -range of the
hydrometeor spectrum (those having drop diameters smaller than about 80 microns).
Aircraft measurements are required to determine the liquid-water-content values

for these cloud-size droplets and particles,
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L.iquid-Water-Content (‘j Md Rg) for the Missile Trajectory of
Flight No. Q2-6363 (Unft No. R487104) of 27 February 1973,
Launched at 1040:30 GMT, The M values for the upper cirrus
deck are maximum values; the actual values are something
indeterminately smaller

Aircraft measurement information about cloud liquid-water-contents was ob-
tained by the AFGL C=130A aircraft for the Wallops storm of 2 February 1973,
These liquid-water-content values are illustrated in Figure 5. The 50”‘ percentile,
frequency of occurrence values were presumed to be representative of the cloud
conditions along the missile trajectories at the launch times. The particular
values are listed in Tables C1 and C2 (for the altitude points of the radar measure-
ments and in Tables G2 and G3 (for each 250 meters of altitude where clouds

were present),
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Aircraft measurements of cloud-liquid-water-content in the storm of 27 I'eb-
ruary 1973 were made by the \Meteorology Research Inc. (MRIY Navajo aircraft,
see Appendix -, Relatively few of the measurements were unalytically reduced and
only "'broad range'’ information is available for several particular altitudes in the
storm. Our "best estimates' of the possible cloud liquid-water-contents for this
storm are listed in Tables ('3 and (4 (for the radar data points) and in Tables G4
and G5 (for the 250 meter points),

3. COMMENTS

Aircraft measurement information concerning the size-distribution of the
hydrometeors was rather sparse and qualitative in the 1972-73 season. Thus, as
in the case of the 1971-72 season discussed in R No, 3, spectral information re-
garding the size-distribution of the numher concentration and liquid-water-content
(contribution) of the hydrometeors along the missile trajectories was estimated
from theoretical distribution functions, of double truncated type. The models pro-
viding the bases for the computations were the same as used in R No. 3, The com-
putational results, which are believed to be reasonably descriptive of the probable
conditions along the missile trajectories are presented in Tables G2 through G5, of
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Appendix G. The mathematics and assumptions of the ''precipitation model" are
also presented in this appendix, as an addendum, and the descriptivity of the model
is discussed relative to data results.
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Appendix A

Synoptic Weather Maps, Satellite Photographs
and Storm Cross Sections

Surface weather maps for the Eastern United States are presented in Figures
A1 and A2 for the two storms of the 1972-73 season through which missiles were
fired. There are three maps in each figure, for the times closest to the launch
times and for times 3 hr previous and 3 hr subsequent, The isobars, fronts, and
precipitation areas are shown on the=e maps.

Satellite photographs (Figures A3 through A6) reveal the appearance of the
cloud shields associated with the storms. The dates and times are indicated and
the location of Wallops Island is shown on each photograph by a drafted "X", The
photographs of Figures A3 and A5 were obtained from the synchronous satellite
ATS-3; those of Figures A4 and A6 were acquired from the polar-orbiting DAAP
(Data Acquisition and Processing Program) satellite. The photographs for the
storm of 2 February 1973 were taken about 10 min prior to launch and about 3 hr
and 30 min following launch. Those for the storm of 27 February 1973 were taken
about 3 hr after launch and about 6 hr after launch.
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SFC 12002 2 FEB 1973|SFC 15002 2 FEB 973| SFC 1800 Z 2 FEB 1973

FFigure Al. Surface Weather Maps for the Eastern United States for 1200, 1500,
and 1800 GMT, 2 February 1973

SFC 09002 " 27 FEB 1973 SFC 12002 27 AEB 1973] SFC 15002 27 FEB 1973

Figure A2, Surface Weather Maps for the Eastern United States for 0900, 1200,
and 1500 GMT, 27 February 1973
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Figure A3, Photograph Obtained From the Synchronous
Satellite. ATS-3, Showing the Cloud System Associated
With the Storm of 2 February 1973, 14007

Figure A4, Photograph Obtained From the Polar-Orbiting
Satellite DAPP, Showing the Cloud System Associated
With the Storm of 2 February 1973, Approximately 17302
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Figure A5, Photograph Obtained From the Synchronous Satellite

ATS-3, Showing the Cloud System Associated With the Storm of
27 February 1973, 135627

Figure A6. Photograph Obtained From the Polar-Orbiting Satellite
DAPP, Showing the Cloud System Associated With the Storm of
27 February 1973, Approximately 16307

32



Time-altitude cross sections are shown in Figures A7 and A8 which depict the
general cloud and precipitation structure of the two storms that passed across the
Wallops Island location, The cross sections pertain to 24-hr periods beginning at
00 Z on the days of the missile firings, and ending at 00 Z on the days after the
firings. Time increases from right to left across the abscissa scales of the figures
and the particular times of missile launching are indicated by drafted arrows. The
isotherms, winds, and surface weather reports are also shown on the figures; the
latter two being coded in accord with standard meteorological convention (see
Federal Meteorological Handbooks of Surface and Winds Aloft Observations, Cir-
culars N and O, U.S, Department of Commerce, Washington, D.C.),

Aircraft observations and measurements were obtained for both storms of the
1972-73 season. Two aircraft, the AFGL. C-130A and the MRI (Meteorology Re-
search, Inc.) Navajo, were flown in the storm of 2 February 1973, .Just the Navajo
aircraft was flown in the storm of 27 February 1973, Summary information and
certain of the data results of these flights are presented in Appendices E and F,

The general characteristics of the two storms of the 1972-73 season may be
summarized as follows:

The storm of 2 February 1973 was associated with a cold-frontal occlusion. The
primary low center at the surface level at the launch times of the two misasiles fired
on this day was located in central Michigan, The cold front extended outward from
this low center and passed through Lake Erie, central West Virginia, and eastern
Georgia., The warm front at the surface level began in southern Virginia and ex-
tended northeastward through New .Jersey and Massachusetts., This warm front, at
the firing times of the missiles, was located about 150 miles WNW of Wallops Island.

The cloud shield associated with the storm was very extensive, as can be seen
from Figures A3 and A4, The clouds covered most of the eastern seaboard from
Florida to Maine and had an east-west extent of some 500 miles, or so.

The storm top at the launch times of the missiles was about 33, 000 feet. The
top structure was uniform and the interior of the storm was very homogeneous in
character, at least down to the base level of the melting layer at 9200 ft (2.8 km).
Below the melting layer, in the rain region, there were streamers of precipitation
that caused the surface rain rates to be somewhat variable in space and time (from
about 2 to 6 mm hr'-1 during the general pre-launch period of the missiles, see
Appendix D). This storm, except for the variability in the rain region, was the
most homogeneous one of all previous Wallops storms of SAMS missile launchings.
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Figure A7. Time-Altitude Cross-Section for the Wallops Storm of 2 February
1973, for the Time Period 00 GMT to 2400 GMT. The time-height cross-section
depicts a vertical section through the storm as it passed over the Wallops Island
area, Although not all of the data used to perform the analysis of the cross-
section are shown, certain of the more pertinent data are plotted. The wind
direction and speed, the ambient temperatures, and the dew-point temperatures,
taken from the radiosonde data are plotted. Isotherms for each 10°C are shown
plotted as dashed lines, Cloud coverage and types, frontal zones, squall lines,
precipitation areas, and type and hydrometeor type are also entered. The
nvmerical values shown in addition to the radiosonde values represent average
liquid-water-contents (in gm/m3) within the clouds. The three-hourly synoptic
data are shown plotted beneath the cross section

34



WALLOPS [SLANWL, VA,

a

;(. o .
lu tey g

fdda Hg

il .

fFrrY g

v

-

Figure A8,

3%

anTUOr M’
MTTUOt Weees o’

trac vy
' . ' I.l

Time-Altitude Cross-Section for the Wallops Storm of 27 February

1973, for the Time Period 00 GMT to 2400 GMT, The time-height cross-section
depicts a vertical section through the storm as it passed over the Wallops Island
area, Although not all of the data used to perform the analysis of the cross-
section are shown, certain of the more pertinent data are plotted. The wind
direction and speed, the ambient temperatures, and the dew-point temperatures,
taken from the radiosonde data are plotted., Isotherms for each 10°C are shown
plotted as dashed lines. Cloud coverage and types, frontal zones, squall lines,

precipitation areas, and type and hydrometeor type are also entered. The

numerical values shown in addition to the radiosonde values represent average
liquid-water-content (in gm/m3) within the clouds. The three-hourly synoptic

data are shown plotted beneath the cross-section
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The precipitation area of the storm at the surface level at the synoptic scale
(see Figure A1) was widespread and virtually continuous along the entire Atlantic
seaboard, Light rain began at Wollops at about 0515 IEST at an average rate of
0.5 mm hr-l. The rain rate intensified to 2 mm hr™ ' at 0625 EST and to 4 mm hr”
at 0715 EST. The rain rate remained moderate for several hours thereafter,
although there was appreciable variability, as shown in FFigures D2 and D3 of
Appendix D, At the launch time of the first missile, at 0908:00 ST, the rain rate
was 3.9 mm hr™! and the liquid-water-content of the precipitation was 0, 245 gm m”3,
At the launch time of the second missile, fired 30 sec later, the rain rate was

4.2 mm hr"!; the liquid-water-content was 0. 26 gm m3,

1

The rain rates at the launch site and ''South site'' gauges on this day increased
and decreased more-or-less in concert with time. Thueg, the horizontal scale of
the precipitation streamers in the rain region was something in excess of the one-
half mile spacing between gauges. (Radar data, see Figures Bl and B2, revealed a
spacing of the order of one mile,)

The second, and last, storm of the 1972-73 season occurred on 27 February
1973, The storm clouds and precipitation occurred behind a cold front that had
passed Wallops about 2200 EST on 26 February 1973, The front, at the launch times
of the missiles, was oriented NE-SW und was located about 100 miles SE of Wallops.
There were bands of cumulus congestus clouds and precipitation behind the front that
roughly paralleled the front and the two missiles were fired into one of the largest,
most-active of these bands., The trailing edge of a cirrostratus deck was also pre-
sent above the lower, cumuliform clouds at the launch times of the missiles. Hence,
the missiles penetrated both the cumulus congestus clouds of the precipitation band
and the overlying ice crystal clouds of the cirrus deck. (The cumulus congestus
bands and overlying cirrus deck can be seen in the DAAP photograph of Figure A6.
This photograph was taken about 6 hr after the missile launch times and the frontal
displacement during the intervening period is estimated to be about as indicated by
the dashed arrow shown drawn on the photograph. In view of this displacement, and
assuming no major temporal changes, the cloud situation over Wallops at the launch
times would presumably have been approximately that illustrated at the print "'®",
also shown drafted on the photograph.)
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The radar RHI diagrams and photographs for 27 I'ebruary 1973, which were
taken during the general launch period (see Appendix B),show that the echo structure
of the clouds and precipitation was quite varirble in space and time. Convective
cells were present which had appreciable vertical development. The missiles were
fired into a trough between convective cells, The cloud top at the exit points was
about 21, 000 feet. The miasiles next passed ‘hrough a clear-air layer (as best
could be ascertained) and then intersected the cairrostratus deck in the altitude range
25,000 to 28, 000 feet. The surface rain rate it the time the first missile was fired,
at 0540:00 EST, was 1,3 mm hr"1 and the liquid-water-content of the precipitation
was 0, 095 gm m's. These same rain-rate and liquid-water-content values also
prevailed at the time of the second missile firing 30 sec later.

It should be noted that the time cross-section of Figure A8 fails to depict the
details of the storm situation of 27 February 1972, The convective nature of the
situation is not indicated and the clouds, at least near the launch times, are incor-
rectly identified as nimbostratus, rather than cumulus congestus.
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Appendix B

Radar Structures of the Storms at the Missile Launch Times

The radar equations and measurement techniques used in the SAMS rain ero-
sion prograin at Wallops Island, Virginia were summarized in R No. 1. The radar
and video-integration procedures employed during the 1972-73 season were indi-
cated in Section 4, 3 of that report. The calibration methods were explained in
Sections 3.3 and 3.4 and calibration data for the 1972-73 season were supplied in
Tables 4, 6 and 9,

Photographic and tape-recorded video-integration data were obtained with
the FPS-18 radar for both of the missile-launch storms of the 1972-73 season. The
polaroid RHI photographs for the first storm of 2 February 1973 were unusable,
however, because of integrator problems; hence all launch period information for
this storm had to be acquired from the tape-recorded data, Good quality data of
both types, photographic and recorded, were acquired for the second storm of 27
February 1973,

The tape recorded data were processed by computer and ''reconstructed RHI dia-
grams'' were produced for the radar antenna sweeps made just prior to the missile
launchings and during, or just after, the launchings. These diagrams for the storm
of 2 February are shown in Figures Bl and B2, The diagrams for the storm of 27
February are shown in Figures B3 and B4, The trajectory paths (approximate) of
the first missiles fired into the storms are indicated on the first of the respective
figures; the trajectory paths of the second missiles are indicated on the second
figures,
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Figure Bl. RHI Diagram With Colored, Contoured Regions
of 5§ dB Signal Differential Which Illustrate the Radar Struc-
ture of the Storm of 2 February 1973 in the 146° Azimuth
Direction About 30 sec Prior to the Launch Time of the First
Missile Fired on This Day. The approximate trajectory
path of the missile is indicated by the arrow. TheTand dBZ
values of the nine signal levels of the color code are speci-
fied in Table Bl

40



2 FEBRUARY 1973
LEVELS

1® 60 TIME: 9:08:27 -9:09:09EST

2® 1.0
3.0 2@
4@ 9.0
5.0

o
J

ALTITUDE (km)
(/]
|

0O 2 4 6 8 10 12 14 16 (8
RANGE (km)

Figure B2, RHI Diagram With Colored, Contoured Regions
of 5 dB Signal Differential Which Illustrate the Radar Struc-
ture of the Storm of 2 February 1973 in tte 146° Azimuth
Direction at About the Launch Time of the Second Missile
Fired on This Day. The approximate trajectory path of

the missile is indicated by the arrow. TheT, and dBZ,
values of the eight signal levels of the .olor code are
specified in Table Bl
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Figure B3. RHI Diagram With Colored, Contoured
Regions of 5 dB Signal Differential Which Illustrate
the Radar Structure of the Storm of 27 February 1973
in the 146° Azimuth Direction at About the Launch
Time of the First Missile Fired on This day. The
approximate trajectory path of the missile is indi-
cated by the black line, The dBZe values of the color
code (the "water equivalent' Z values in dB) pertain
specifically to the boundary lines separating the
colored regions
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Figure B4, RHI Diagram With Colored, Contoured
Regions of 5dB Signal Differential Which Illustrate
the Radar Structure of the Storm of 27 February 1973
in the 146° Azimuth Direction About 1 min and 30 sec
After the Launch Time of the Second Missile Fired
on This day. The approximate trajectory path of the
missile is indicated by the black line. The dBZ,
values of the color code (the "water equivalent"

Z values, in dB) pertain specifically to the boundary
lines separating the colored regions
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No additional RHI information (other than presented in Figures B1 and B2) is
available to illustrate the radar structure of the storm of 2 February 1973. Com-
puter RHI diagrams were prepared only for the missile launch times. No useable
polaroid photographs were acquired for the storm,

Table Bl, Color code of Signal Intensity Used With
the Computer RHI Diagrams of Figures Bl and B2,
The I, values of integration signal are dB above
-92,3dBm. The dBZ_ values are the ''water
equivalent' values of Z, in dB

—
Signal dB Range of Signal Level
Level
G- dBZe
dB dB
1 45, 8-47 3.2t0 4.4
2 47-52 4.4 to 9.4
3 52-57 9.4 to 14,4
4 57-62 14.4 to 19.4
5 62-67 19.4 to 24.4
6 67-74 24.4 to 31.4
7 74-179 31.4 to 36.4
8 79-84 36.4 to 41.4
9 84-89 41,4 to 46.4
10 89-94 46.4 to 51. 4

Polaroid RHI photographs for the storm of 27 February are shown in Figures
B5 through B7. Photographs for the missile launch times are presented in Figure
BS. These photographs pertain to the same times, th=t is, to the same upsweep-
downsweep scans of the radar antenna; as the RHI diagrams of Figures B3 and B4,
The trajectory paths of the missiles across the photographs are indicated, The
threshold settings of the video integrator and the ''gray scale shading information"
pertaining to the photographs are noted in Table B2,

The photographs of Figure B7 illustrate the general echo conditions that pre-
vailed along the launch azimuth on 27 February during the period of aircraft mea-
surements following the missile firings. The first photograph illustrates the typical
conditions at a time about mid-way through the aircraft measurement period. The
second reveals the conditions at a time near the end of the aircraft measurement

period.
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Figure BS. RHI Photographs Obtained
With the FPS-18 Radar on 27 February
1973 at the l.aunch Times of the Two
Missiles Fired on This Day, The first
missile was launched at 1040:00 GMT:
its trajectory path is indicated by the
arrow of the upper photograph. The
second missile was launched at 1040:30;
its trajectory path is shown by the arrow
of the lower photograph. The photographs
were obtained using video integration of
the gray scale type "45-U-70", specified
in Table B2

Figure B8. RHI Photographs Obtained
With the FPS-18 Radar on 27 February
1973 Which Were Taken in the Launch
Direction Approximately 8 min Before
Launch (upper photograph) and 5 min
After Launch (lower photograph), See
Table B2 for specification of the type of
gray-scale integration used (45-U-70)
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Table B2,

Figure B7. RHI Photographs Obtained
With the FPS-18 Radar on 27 February
1973 Which Were Taken in the Launch
Dire~tion at the Approximate Mid-Time
Point of the Aircraft Measurement
Period (upper photograph) and Near the
End of the Aircraft Measurement Period
(lower photograph). See Table B2 for
specification of the type of gray scale
integration used

Shading Code Used With the

Video-Integrated RHI Photographs of

Figures B5 through B7,

The dB values

listed are dB above -92.3 dBm

Gray Shade
on RHI
Photograph

Threshold Signal Levels
Employed for Gray Scale

Type 45-U-70
dB

Black
Dark Gray
Light Gray
White
Black
Dark Gray
Light Gray

£45
55
65
70
75
80
=80
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The radar structure of the two storms of the 1972-73 season may be summarized
as follows:

The echo structure of the storm of 2 February 1973, as shown by Figures Bl
and B2, was quite uniform and horizontally homogeneous during the launch period
of the missiles, particularly in the upper portions of the storm above the bright
band. The storm top was located at 33, 000 ft (10, 06 km), from observations made
fromthe AFGL C-130A aircraft. The radar echo tops (ATPVITS)* extended to
about 24, 000 ft (7.3 km). The base level of the bright band in the storm ranged
from about 9100 to 9800 ft (2.8 to 3.0 km); the top level varied from about 9800 to
10,500 ft (3.0 to 3.2 km). Sloping ''echo streamers'' existed in the rain region
below the bright band, some of which extended from the base of the bright band to
the surface level. It can be seen, with reference to Figure Bl, that the first
missile launched on 2 February passed through a portion of one of the smaller of
these streamer echoes. This explains the maximum of liquid-water-content that is
shown at about the 1, 8 km level in the profile plot of Figure 1 of the main text. The
second missile, see Figure B2, also passed through a small echo region having
signal intensities larger than the surroundings. This caused the maximum of liquid-
water-content shown near the 0,5 km level in the profile plot of Figure 2.

The radar echo structure of the storm of 27 February 1973 was considerably
different than that of 2 February. The storm portion that passed Wallops at launch
time was essentially a squall line and there was substantial spatial-temporal vari-
ability of the radar echo patterns both within the squall line and associated with its
passage across the 146° launch plane of the missiles. The missiles were fired into
a trough between convective cells. The cloud tops, in the trough at the missile exit
points, were about 6.5 km (21, 000 ft). There was an apparent clear region, devoid
of detectable radar echo, along the trajectory paths of the missiles in the altitude
zone from about 6.5 km to 7.6 km (25,000 ft}). Above this, likewise along the tra-
jectory paths, there was an overlying cirrus deck, with top eatimated to be about
8.5 km (28,000 ft), This estimate was obtained from specially-processed radar
data. It could not be verified by aircraft observation, since the ceiling altitude of
the MRI Navajo aircraft was only about 23, 000 feet.

A radar bright-band was present at the launch time of the missiles which had
a base variable from about 3 to 4 km (9800 to 13, 000 ft) and a top ranging from
about 5 to 6 km (16,400 to 19, 700 ft),

The echo structure of this storm changed appreciably along the 146° azimuth
direction from the time of the missile launchings until the end of the aircraft

*ATPVITS stands for "at the particular video-integrator threshold settings''. The
echo tops of the storm will be higher or lower, within an approximate 5 dB signal
sensitivity range, dependent on the threshold settings and dB spacing of the parti-
cular "integration gate'', or ''gray scale level'; which is the receptor of the
weakest storm signals of minimum detectability.
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measurement period following the launchings., This can be seen by comparing Fig-
ure B7 with Figures B5 and B6, The radar echo tops of the storm clouds
(ATPVITS) varied considerably throughout the period, dependent on which
convective clouds of the storm band were intersected by the radar. In general,
though, the echo tops decreased during the aircraft measurement period and the
intensity of the radar echoes also decreased. There was little correlation or con-
sistency between the echo patterns present at launch time and those present later
on, It may be reported that the MRI Navajo aircraft on this day was barely able
to make measurement passes and descend rapidly enough to "keep up with" the
advective or dissipative diminishment of the cloud top altitudes along the 146°
azimuth line of the measurements. Consequently, the aircraft measurements,
level for level within the storm, were generally made in regions of less intense
radar signal than had been present at the firing times of the missiles, The mea-
surements were simply non-representative of the launch time conditions.
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Appendix C

Computation of Hydrometsor Psrameters from the
Radar Dats

The trajectory values of the radar integration signal, T,, in the 1972-73 season,
were obtained from computer-processed RHI diagrams that were acquired from
tape-recorded video-integrator data for the radar antenna sweeps made immediately
before and after the missile launchings. These diagrams and the methods whereby
the trajectory, T, values were determined from the diagrams were discussed and
illustrated in R No. 1.

Portions of the RHI diagrams for the four missile launches of the 1972-73
season are presented in Figures C1 and C2 which show the detailed T, signal-
structure of the Wallops storms in the immediate vicinity of the trajectory paths of
the missiles, The paths are shown superimposed over colored, contoured regions
of 1 dB signal differential, The diagrams reveal the micro-structure that was in-
tercepted by the missiles during their travel from the launch pad to near the storm
top level. It should be noted that the clouds and hydrometeors of the storm of 2
February 1973 extended continuously upward from the surface to a storm top level
of 33,000 feet. In the storm of 27 February, on the other hand, the missiles were
fired through a particular convective element of the storm, which at the time of
firing, and along the trajectory lines, had a top at about 19, 500 ft that was sur-
mounted by a cirrus layer that extended from about 26, 000 ft to 29, 000 feet, It was
presumed, from the MRl Navajo observations, and from the fact that the radar re-
turns were below the minimum detectable by the video integrator, that the layer be-
tween 19,500 ft and 26,000 ft was a ''clear layer'.
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Figure C1. Portions of the RHI Diagrams for the Two Missile Launches of 2 Feb-
ruary 1973 Which Show the Detailed I, Signal-Structure of the Storm in the Immediate
Vicinity of the Trajectory Paths, The paths are shown superimposed over colored,
contoured regions of 1 dB signal differential. The dBZe (the "water equivalent' Z
values, in dB) are related to the J, values of the color code by a dB constant of
-42,5, In other words, I, -42.5 = dBZe
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Figure C2, Portions of the RHI Diagrams for the Two Missile Launches of 27 Feb-
ruary 1973 Which Show the Detailed I, Signal-Structure of the Storm in the Immediate
Vicinity of the Trajectory Paths. The paths are shown superimposed over colored,
contoured regions of 1 dB signal differential. The dBZe (the "water equivalent" Z
values, in dB) are related to the T, values of the color code by a dB constant of
-42,3. In other words, 1, -42.3 = dBZ,
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The particular "profile values" of T, that existed along the trajectory lines of
the missiles are shown in Figures C3 through C8, The solid, middle portions of
the profiles show theLvalues that were determined from the RHI diagrams within
those altitude regions of the storms extending from above the radar ground-clutter-
layer near the surface level to the storm altitudes aloft, where the T, values be-
came minimum detectable, The dashed portion of the profiles, at the bottom, show
the T, values which are presumed to be representative of the ground clutter layer
{with the non-hydrometeor, clutter-part of the signal eliminated) and which are also
consistent with the measured precipitation rates at the launch times of the missiles
(see R No. 2), The dotted portions of the profiles, at the top, show theT, values that
were assumed to apply to the uppermost part of the missile trajectories where the
radar returns were below the minimum detectable by the video integrator, (A linear
decrease of T, with altitude was assumed for the storm of 2 February 1973, from
the altitude points of first minimum detectability to the storm top altitudes, as dis-
cussed in R No, 2, The T, values for the upper cirrus layer for the storm of 27
February 1973 were obtained by ''special processing' of the recorded radar data,
as also discussed in R No, 2, It should be emphasized that ms.I, values for this
upper cirrus layer —those shown in Figures C5 and C6, and listed in Tables C3 and

C4—are the maximum possible values, The actual values are something indeter-

minately smaller than these maxima,)

Two abscissa scales have been drafted on the diagrams of Figures C3 through
C6, The second, lower scale indicates the decibel values of the radar volume
reflectivity, j‘ , defined in R No. 1. The scales °fI andjJ are related as des-
cribed by Eq. (47) of R No, 1. The scale relationships differ from one storm day
to another, dependent on the calibration constants of the radar.

Profiles of the radar reflectivity factors Zw and ZI' for water and ice hydro-
meteors, are presented in Figures C7 through (10, The profile values were com-
puted from those of‘_T, using Eqs, (70) and (71}, of R No, 1. The melting zone of
the storms are indicated in the figures and both the Zw and Zl profiles are shown
extended across the zones. The reflectivity factor is indeterminant within the
melting 7zone, as explained in R No. 1, pp 66, but the two profiles provide some
indication of this indeterminancy,

The hydrometeor regions and transition zones of the Wallop's storms of the
1972-73 season are identified in Figures C11 through C14, The regions and 7ones
for the storm of 2 February 1973 were determined from measurements and obser-
vations made from the AFGL C-130A aircraft (see Appendix E). The regions and
zones for the storm of 27 February 1973 were established from the observations of
the MRI Navajo aircraft (see Appendix F), Radiosonde temperatures and radar
data were also used in decisions regarding the altitude limits of the different regions
and zones, The symbol code used in Figures C11 through C 14 (also in Tables C1
through C4) was specified in Table 2, R No, 2. Rain is ""R"; large-snow is "LS";
small-snow is "'SS''; ice-crystals are "'C'. The subscripts indicate the
observed or assumed types of these hydrometeors.
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Figure C5. Profiles of the Radar Integration
Signal, T, (upper abscissa scale), and of the
Radar Volume Reflectivity, 7, (lower ahscissa
scale) for the Missile Trajectory of Flight

No. Q2-8362 (Unit No. R487103) of 27 February
1973, lL.aunched at 1040:00 GMT. The missile
was launched through a convective cell which
had a top at approximately 6.5 km. There was
a presumed clear layer between 6.5 km and
7.6 km, with an overlying cirrus deck between
7.6 km and 8,5 km. It should be noted that
the T,values for the cirrus deck, shown
dotted, were obtained by special processing

of the recorded radar data, They are
maximum values, The actual values are
something indeterminately smaller
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Figure (6, Profiles of the Radar Integration
Signal, | tupper abseissa scale) and of the

Radar Volume Reflectivity, 5 lower abscissa scale)
for the Missile Trajectory of Flight No,Q2-61363
(it No, R487104Y of 27 February 1973, Launched
at 1040:30 GAIT. The missile was launched through
a convective cell which had a top at approximatelv
6.5 km,., ‘There was a presumed clear laver between
6.5 km and 7,6 km, with an overlving cirrus deck
between 7,6 km and 8,8 km, [t should be 1.oted that
the I values for the cirrus deck, shown dotted,

were obtained by =pecial processing of the recorded
radar data, ‘Thev are maximum values, The actual
values are something indeterminacely smaller
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This information about the hydrometeor regions within the storms, combined
with the Table ! information concerning the I’ vs 7 equations pertaining to the par-
ticulur hydrometeor types, permitted the trajectory profiles of precipitation rate,
P’, to be computed from the 7.“. and 7‘1 profiles of Figures C7 through C10. The
techniques were described in Section 4.5 of R No. 2, The resultant profiles of P
are shown in Figures (11 through (14,

The trajectory values of the liquid-water-content, M, and of the integral of
liquid-water-content, fM dRs. which were presented in Figures 1 through 4 of the
main text, were computed from the 7 profiles of FFigures C7 through C10, utilizing
procedures that were also described in Section 4,5 of R No. 2,

The numerical data for all of the profiles shown in Iigures C3 through C14, and
IFFigures 1 through 4, are listed in Tables C1 through C4, The altitudes of the data
points are identified in these tables and the radiosonde temperatures are indicated.
TheJ_', ,L_rf,, Z“, (or Zl). P, Mand fM dRs values are tabulated for each altitude.
These are listed under the table sections labeled "'radar measured parameters'',
The tables additionally list the cloud liquid-water-content values, w, measured by
the Johnson Williams instruments of the C-130A and Navajo aircraft, which, in our
judgement, best typify, or bound, the cloud conditions along the missile trajectories
at the launch times. The last columns of the tables give the values, or value limits,
of the total liquid-water-content, contributed by both the precipitation-size drops or
particles plus the cloud-size drops of liquid form, either warm or supercooled,

There is an unresolved problem of nomenclature in Tables C1 through C4 that
should be noted (as it was noted in R No. 3). The radar, in the rain, large-snow
and small-snow regions primarily detects drops or snow particles of precipitation
size and the liquid-water-content values for these regions are listed in Tables C1
through C4 under the columns labeled "M, The radar, in the ice crystal region,
however, detects particles which, at least in terms of their equivalent melted
diameters, are partlyv in the cloud-size range. For this reason, the liquid-water-
content values for ice crystals are listed in 1 separate column of the tables, labeled

"ice cloud",
Note Concerning a Changed Analytical Assumption

Since this appendix is concerned with the computation of the hydrometeor
parameters from radar data, it is appropriate to mention a particular analytical
change that differs from that described in R No, 2, The change concerns the method
whereby the liquid-water-content, or M, values were determined for the ice-crystal
to small-snow transition zone and for the small-snow to large-snow transition zone,
In R No. 2 it was stated that the precipitation rate was assumed to be linearly vari-
able through these zones., This was the assumption used in some of the early,
preliminary storm analyses of the SAMS -1 through SAMS-3 seasons, However, the
assumption was changed for the final storm analyses which provided the tabular and
profile vatues of M that have heen submitted to SAMSO and published to date,
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With the early assumption cited above, the radar-measured values of Z in the
two transition zones were not used in the analyses, Only the 7 values at the lower
and upper boundaries of the zones were used, It hecame apparent that our zone
analyses would have greater validity if we made use of the radar-measured Z values
in the zones and simply assumed that the constant and exponent of the M vs 7 equa-
tions were linearly variable within the zones (hetween the equation values pertaining
to the hydrometeor region below the zone and those pertaining to the hydrometeor
region above the 7one), We have used this analytical technique in all of the final
SANMS data provided thus far,

It should be emphasized that the assumption of a linearly-variable precipitation
rate is still used in our analyses of the melting zone,

The author's failure to note the changed assumptions about the two mentioned
transition zones has apparently caused some confusion among persons who have tried

to repeat our results, ‘I'he author apologizes for this oversight,

61



SEY " LE0 " 8201 BOHE " v8°9 t'9 ot "¢ 8¢
98¢ " LE0” 980 obe’ L8°s L'y [ L9°¢
L8t " 880" Ly (N 8¢ [+ ) (V52 [} S
pre " 6E0 " olu coe " £0 "¢ o’ (A" L'
gee” 44N L8 98T " 99°% roue $°L [ gls
6be” ¥ro " L4 cot” £0°¢ 0187 8° TTR 3
0se” Sv0° o1y 0L £0°¢ 018¢ 14 ey
(499 v’ L <ot " £0°¢ oree Sy ue 't
pse” k0" t4 22 coe” £0°¢ 0147 L It°t
9¢e " 160" 0L 0L £0°¢ 0182 16 €Tt ra
96¢g " 150" €Ly <08 £0°¢ 018z L en e S0t e |
61" 8%0° [§3°] e’ tyee 8% 8°c L8t 81’1
vee 1v0° 609 PUTA eyt <01 K - [ arct
s62° 820" 8Ls 92" oeee ol 'z 16°¢ Lol
e’ 0 8bC 92" (S5 4 weee 8°0l (W4 5 S 1071
L2’ LS e’ 88 "¢ £892 [ S (RS (1 I 90 °
sog” €8t coe " £0°¢ orge Sl 042 LT 1o
92" 16¢ 9c” e’y ceee 8Ll 6 e 6Ll'e <8
ove” (444 vz’ e8¢ Le8l 1°ai 1¢°¢ 19°c o¥
e’ Lot e’ LZ'e LY [ 9tz 4 4
e’ 1Le Lse” ey £807 1t°2 se'e
423 L9c” 1£°¢ onee St e e
(1185 s0¢ " £0°¢ o018z 1£°¢ 6l 1
8Lz 92" et ceee 9z°¢ | A |
cre S0t " £0°¢S oi8e 0z’ £G°L Ly
e ({13 £0°¢ 018z ¢l'e el It
081 082" 00y HBol uotday o1z Lt 98"
0 ope e L6l My utey 081 0 0
w wa W wa w wa Y wi 1w wu .
- 2- i . NITTF: b y e-Yo 1 Fo 7 [ (YIRS uy
S 0.
HP N ._
2z pnoi) uone}
yied @] -tdioaag d Z u S
uauo) | wauo) | assiy Jo jo
J3je daiem duoly N E2L ] Jojoeq Allatioaljay sanjey adA | AUO YL de adnge YNAVI Wwoay Ny
pmbir pinby W Jjo uauo ) uonwy Altatjoajoy dunjo y leuadg uone; uotdoy -daadida |, aduey EHEEIY
1®10L pnoi) leadaju] -Jaem-pinbig NGISENM aoyead -1dtoad g FUETEI apuos |BIUOZIIOH
-] -0JpAH -olpey
SJojoUlede ] Padnstal\-Jepey

LIND 00°80%1 e payoune] ‘gLel AJenaqad g Jo (101L8%H ‘ON 3u[l)
09£9-20 °‘ON WIJ SISSI J0j SI}dWeded JOI}DWOIPAH pue Jepey 3y} Jo SaN[eA [edlJawnN 3y} jo uonjeinqe] ‘1D 31qel

62




00z"* 0 8652 00z ” 8" Lot ~2v°e 0°t9 8°t- s0°¢l 8o ¢
(14 1o- SEST e (' (3 49 £ 99°¢C ¥ey pe- L8l v 'L
96z’ vio-” 6042 ave” $0 1 L89 0l ~ ¢t 't L 2] 0t~ 6921
09z ° 810" 14144 ove " LV 189 # GE°E boto 82~ 0°s szt
goe” | 2z0° 542 98z | ¥zl %06 TN 9°¢9 uorRay <z- 00" £zl
gee” | 1g0° 0z¥e zoet | 1en €66 ceuty | 0099 e aBa - 96 <1 gl L
8ve "’ £€0° (1874 cie” 8t °1 * 98¢ v°99 [ tu or-el 19°¢
6Ly €50 ° 8812 9zv” (14 < £S5 °91 €L Wy suoy #°0- oL [ 6t "t
66%° 980 ° 9€61 (28 oLt s Leve KX pur c'0- L Lol 0l °¢
(419 ¥80 ° ceLl LT A ou ‘¥ ol »L1°gL LLL 51 Aune Z°1 Le 07 "b 08°e
88¢ ° £80° 1oLt <o ” 018z ~0°19 0°LL €1 0e 60 ‘6 e
L8e " 280" L991 <ot * £0°¢ 0182 N—-e_ 019 0°LL 91 68
S8g " 80° £E91 ot ” £0°¢ 018z 21-01 £0°19 0°LL zl [
Leg " 6L0° 8661 glg* s Lot m_-c_ / £°S9 £°LL c'c L0 €6y 19°C
(48 L0 1961 sge” 09°¢ 10et m_.c_ #9°1L LoLL z0 ey 6 ¢
08¢ ° ;L0 9z¢l1 co8 " 80 ¢ 018e n_-c— “0°19 0°LL L2 8o ol ‘8 oL e
gLe” £€L0° okl oL * £0°¢ olsz m—.s “0°19 o°LL 0"t o't 10°8 4 A
£9¢ " L0° 85kl €62 ° 08¢ A TA N_.c_ * 6 9% L°9L €°¢ 06 'L €8 L ue e
08t * 990 ° verl vie” vl 'S atud .nL-c, «8°t9 a°LL 9"t 98 °t €9°L £E°T
89¢ ° £90° 68E1 soe " £0 ¢ olge NTc_ <019 o°LL 6°¢ 08 ‘& Ly°L 8¢ "¢
L9e " 860 ° cGeEl uoE * s G183 m—.c— ~¥°29 1°LL ¢ 9L°¢ ve "L ez e
yse” 660 ° glel obL " g °s 8Lt 0°8L (& eL’e 3 1 5 e
1se° 250" 6Lel obe " L8°s BeSt 0°'8l Ly 89 "¢ Lo 'Y e
86t " 6¥0 ° o¥cl (2% Lg°¢ sLstE 0°8L 0°¢ $9°t sL°9 90 ¢
({1 M 14,/ oozt 15 <09 LS z°8L £°s 19°¢ ey 00°c
oy’ 4,0 8611 8ot ” 89 IR 4 NTc_ © 996 0°6L 9°¢ s6 e (] S6°1
6vy" v (3401 60t ° S0°L TIPS T AT A ) uoiBay 8°¢ 0s°E 12°9 681
96¢ ° 8€0° oLl 8sE” €0°9 tolt N—-c, - ¥708 c°8L Yy uiey 1°9 st'e £0°9 8l
nnE wd n.E wa mn-E ,:..N n.,: wa _-.E W ¢- u 9 e I- wo ar o P 1w VES T
PN \
z pnot) uone; S
yied ] -wdtoaay d Z It .J

WAQuo) | wawo) | IISSIN jo jo

Jajem Jayem duoly N NeY dojoeq ANALO3jaYy sanjey ada ] AUOZ d¢ aanje VYNAV woaj PpnIny

pmbi pnbyp W Jo UIU0,) uoney Altanoajay 2WNJ0 \ jeumyg uone; uotloy -Jdaduta ], aduey AssIy

=0 pnoid 1ea3aju] -Jajem-pinbrg -idoaag aojean -1dioadd FUETEI apuos |BUOZII0H

-] -0JdpAH -otpey
Si9jaliele] PaJNSEal\-JepEY
==
(JU0D)  LIND 00:80%1 e payoune] ‘gLl AJendqad g Jo (101L8¥H °"ON tuN)

09£9-20 N u_.._w.:.um J|ISSIN J0] sJajaweded LOOaOEOhﬂ%—L pue Jepey ayj} Jo sanjeA [edlJawmnN 3y} jo uoneinqe], °[D 3diqel

63




1or° | 4 284 1ot (8 2 sl N—-o—\hwh. 0°8S 1 ct9 50 "8l 16°6
101" cEle tor -’ ir” [543 N—-O-\Bh. 0°8S 6°01 - lET9 oLl 9r s
1ot- [ 2484 o’ " LSt N—-o_\huh. 0°8S 9°01- vE'S gLoLl or°s
1ot - e 1o1r- (1 161 NTo_\...c.... 0 °8S £°01 829 €S Ll SE'S
[* 400 860¢ Y48 €5 11 z1-0t #9t i 8°uS 66" sZ9 Lgol vZ 'S
[ 140 £80¢ gEl ” 6 l9¢ N—-e_ =0L"i £°09 9% 0c’9 ul "Ll te°s
(730 S90E P2 S £L” 98y N—qc—‘cw._ u’ls £ 6 91°9 to-ut vl '§
| 23 0 9%0¢ v 1 2 St N—uO— LR UR 0°79 0°b- i-s £8 "8I £1°¢
00z " scot 00Z ° 8- .t 21-94 - X s 0°e9 L8 L0°9 S9 91 L0°S
061 ° £00¢ Osl * [11: ] tcr N—-O_ =1g°T 9°¢c9 t's t0°9 2 1 c0°s
ou - €862 (134 oy e N--S ~¥8°1 8°19 1'g go "¢ ve "9l o't
110 S862 961 ° 99 ° (344 N—-E\ow._ A ¥ b'L- Su ¢ I1°91 1ot
TS ° 8¥6l (49 I ¥ it NTE PR Rt 0°lg U 7a 68 ¢ £u Gl 98 't
t 715 [11X-T4 41 S 98t N_-o_ “88°1 ] LR $8°¢ SL6l 08°t
t44 0 [4 L 14 (A4 o r9 e N_.o_\nm._ 0°ly P 8L’y L5761 sLt
[T e8¢ 00¢ S8 Lot ...—no_ L% 0°cy 0L SL'g vt "6l (208§
e 6982 vz’ to” 848 z1-91 27T $%e9 89 cLy 1e°s1 t9°t
00T " [ 14 14 002" s8” Lub N—-E LS w4 ()8 %] 59 J4: £0°61 85t
80T £z8e 802 e’ LY N_‘c, #09°¢ £°ey £ 9 £9 "¢ [: 8 £ES°F
802 ° 06l BOZ ° wg tEy n_.o— =097 L°L9 0°9- 8S ¢ 8°rl 2 e 4
[+ suLe U gy ° 929 N—-S S0 [ 3] 8°C L8 ot Fl cE 't
68T [} 244 nET” €0t | 94] N—.c_ =g T L't ¢°g (7 [ 31 9Lt
£9Z° tzee £92° i BB L m—.o— 58 L 0°v9 L'y tt s [ e 3 | §70
1 124 o927 9tz ” 90"t L0l z1-9t “tF e Sty 0°s ot ¢ LR [
6zT* 9992 DY 4 80 ” 99 N_.c— ~50°¢ vt 8¢ 9t. "¢ el [
ezT" or9z vl ’ 8n " 929 Ol ~ 50"t Uty S°F or e vs ‘el Flt
[ uotdoy
61¢C" 509¢ olg” nt "l 880! m—uc— LS s t 99 Moug €k~ Lite It i [N
00T " [11:1+4 00z " S8 Lot N—-o_ “at°T 0% r.!.; EEELH [t LT¢ £2°t1 L0 °F
I uw usd < ¥ FRETTI EYR i . T El u
n:Eﬂ—U noE uz. -WN- Ec n-,t AL, —-.-r T} - ..w u _-Eu iF > Y 3
HP IX ‘.
B POl uune} q
yed 231 -daag d Z U "1
W0 | W0 | SN o Jjo
2mm Jamm 3uoy N Y Jojoeq AjtAatloaljey sanje \ odA ] WL 2 A SJdnE YNAV T wod) Ny
pmby] pmbr] N Jjo wawo ) uot}sy Atatjoaljay Jdnfo § [eudty uotie, uotday -dadwa aduey Q1SS
mol pooL D {eadau] -daieq-pinbrg -tdioas g duiead -tdiood g dudia.u puous 1BIUGZLIOH
- 21U} -udpAH -otpey
Sidleweded pIdnsedy-Jepey

(3uoD)

LIND 00°80F1 e paydune] ‘grel Aaendqagq g Jo (101 L8vYH "ON tuf])
09£9-2D WIN4 2ISSUN J0J saajaweled J03312WOIPAH PUE JEPRY 3y} jo Sanje [Ed1Jawn) 3y} jo uone[ngel, °[D 3iqel

64



[ 168¢ 1] 0 0 (1] 0 6 G- £€v-ol €0 €L 900t
815" 698L RI10° 0" sZ'o N_-o. »2100° 0°0¢ S sy vl "0l 88 ‘¢t 20701
nvo. orse nve. 21 STl N_.o_ »1900° 0Lt e P 4 L0701 £F "2t (3 %
60 162 620 34 [ 21-01 ~gsto” | o°zt . le3sAa > Lov yL'u £l°1E ot v
[ 748 89t X4 '] S8 "8 N—-e_ 280" S'St J 2] [ £ 4 G 18782 8Ly
901 06S¢E 801 v L' z1-01 > L¥0° o SF b Gz Xtion L°TE- to '8 08¢ €58
o1 ° 111+ rol - g€ " z 01 21-0t ~6v0” 1°9¢ Yoo SISuvs g L1E- vld Sifel gt '8
260" 9zs¢ 260" vee 1701 21-01 7 250° Lot pue BT 0oL 99 s 0Lz T
680" LE¥E 680" ot " FRIT 21-91 = S50° S 9F L 9] ¥°8c- *S 'y [ T 08
(1] 9Zhe 8S0 ° (1 1°¢l N_.e—\mmwa. 7 0°se- <l °y <o ¥e 9
90 ° 4144 90 " oz- L°sl N—-E =907 0°8¢ Lie | PN [ 4 (1] I
L90° LSEE 190" [ A N_-S\—vxo. | 1] rre- 298 tl e L0
80 0SEE ¥90° 0Z- Lost N_.e- » 190" 078t v 0T~ 9L [ {9t 00"
990 ° [444Y 290 ° i’ Lo N_.c_ =1980° (14 9°0Z- 85 'L LLge tu "9
zw- sege zu0° vz 8l 201 -9900° | 0%er s 10z~ €572 6eZE u8'e
890" L2ee 890" e’ 2 Seny m_-g ~1980° S8y __NE”/ u ol 0S°: | § ot t8°9
8%0° ziee 890" Tz S8l 21-01 7 060" 18y oy 9 ol [ £°ZZ 089
90 »828 90 7z PRI} N—.Q— . 10" Ry rr.; . c“H:. A L LEN 1$°9

: . 3 . e b -1y .
190 Lvze 190 £2 st 2101 - €81 ols put - 8751 to'2 g0z z°e
850" clze 850" (X 009 21-01 - 882" g€y Yan CRE 6 ¢l Ly 05 vl [T
850" Loz 850" e’ 9°29 :-2 1% 0°$L 9°¢tl tL'9 St "ol 0n°g
90" 002¢ ¥90 " 9" 9°EL 71-01 = oSE° d K 18 Toel- 9 °9 JARNY | tH S
S0 zZéle 520" [ 1 0L 2101 v ey’ v gy H°ZL- $9°9 6t "Bl wl's
L [£18% L’ te” o 21-0t - ruye 0°9¢ $TTL- 09 '9 18°81 tLS
L stle L0 e T 6o Ol - ¥BF° 0°9% FA 959 £9 "g1 89°G
7r- uutdey
890 ° 99t¢e 880" 9€ " szt zp-Ul -0t ” 0% —oul P 059 ¥ 8l 28°¢
101" (19 §5 1ot iy LS 21-91 m L’ 0°8y Loy wdde] S°Il e Lz 8l 22
L
nns:ﬂh n-E wl NnE EM n-..: g _..-c Wi " thE i e HF . Ty ) P
Swpw
2 pnot ) uule; :
ied a1 -tdioazd d z u .J
wmawo) | wawo)| aussin jo v
awm a3 3uoyy N EYLaY) | dooey ATAtOI ey sanje adA] QUO L 2t aanje VYNAVI Wwoay I Y
pmbiy prabi K Jo Wawo ) uonFy AllanoaaH PN TITRN leudy uole, uulday -dadula ] Jduey Jtssiyy
™0l [ ] Teadajuy -Jajem-pinbry S1didaayg Juiead -tdtoaa g dudle.l Apuos |®luuZ1I0H
- U] -0JpAH opey
Silaulnde PIINSEI - JepeYy

09£9-20 °"ON WINJ 3[ISSIN JOj SIIjPWEIed J0IPWOIPAH pPue JEpPEY 3y} JOo sanjep [edldawnpy 3yl Jo uoljejnqel

(3uoD)

LWD 00:80¥%1 e paydune] ‘gr6l 4J4enaqad ¢ JO (101 L8¥YH °ON tuf)

‘10 3lqel

65



6L’ "o ' 6001 See” 09°s 108 N_-o_ x9°1L L°LL 8L | 4 S6°¥ 15°1
»6¢E " S ° 16 (1 N 8°s BESE N—.e_ A L°9L 0°'8L 1°8 60 't Ly 1 A
16¢° v 26 e 8L°S LSee z1-0170°6L 6°LL (] S0°E 65°F o1
68¢c " 6% ° 68 ('] 69°S BLEE s_.e_ “g°EL 8°LL 88 06 ‘T (8 2 L
9st "’ 150° 8s8 so0e”° £0°S [1%:14 N_-o_ 0°19 0°LL 1’6 €6°2T [ 62’1
eze” 1s0° b 14} gL’ 2s’'y 2682 m_-c— “6°1S £°9L LA 06 °2 S0°y €21
[T 8% ° 16L ove " 69°¢ BLEE 21-01 " EEL 8°LL 86 ¥8°2 18t 811
£9¢” %"’ ¥SL (44 SE°S 180¢ 21-01 #8799 { A7) z'ol 6L°C 69°¢ 4 &
£ee’ 820" 6lL soe” £0°S 0182 21-0170°19 0°LL v°o1 L'z 1s°¢ L0l
1119 0 £89 e’ SE°S 180¢ 21-01 <8799 yoLL 801 0L'e £EE 10°1
69" 9¥9 69e " L8°s BESE z1-01 <Ll 0°8L 1t $9°C sL'e 96 °
[ L09 (11N L8's BESE z1-0t Lol 0°8L [t 09°2 e 16°
(1 0 89¢ 6be " L8 BESE Z1-01~LooL 08l 811l (1 6L [N
86¢ ° 9z¢ 86¢L ° 89 1A 4 5 N—...._ “9°96 0°'6L 121 1s°2 19°z 08"
86t ° [4:13 g6t * 89 142 2 N_.c_ 7 9°96 06l ezl 9%z 1% e | 25
86¢g ° LEY 86¢ * ¥8°9 1% 44 N_-c_ *9°96 0ol g°cl 1§ x4 LZ'e 69°
88e "’ E6E 88t ” £€9°9 £sey m_-c_ %226 8°8L el 114 e £9°
69" zLs 6vE " L8 8ESE Z1-01~LraL 0°8L £°el 1£°2 68 "1 8e”
69" ele 6¥E " L8°s BESE Z1-0teLreL 0°'8L 8€l 92T et A
€8¢ " cLe £8E " £S°9 9siy N_.c_ «2'06 L°8L ¢l 0z e £S°1 L’
1oe* vez log” S6°y 9¥L2 21-01 - 9768 6°9L [ sz sE°L it
1o¢* 002 10g” S6°¥ 9¥L2 21-01 #1976 6°9L 8¢l o1z nt 98"
L6z" 991 L6z 88y £892 21-01 ~28s 8°'9L z°st 90°2 66 " ot "
¥se” el | AT 90°¥y 9£02 N_.c_ “T°%F 9°SL ¥sl 202 8" LT
[4 T 901 z82° 6S°% Leee z1-00 ~ L7ES v°9L €6l S6°1 £9° 61°
| 1 9°9L ¥ET " OL'E gLt 21-01 ~§78¢ 0°SL 161 261 (10 bl
w6z 6°9% w6z” 88°¥ €892 |, 01 -2'8s | 879 uorday 8°21 #8 1 e 80°
192" [} 192" z°y gviz |, otasey | 8rse Wy Y +'6 081 0 0

. w wl n-E wa n.E wd --..:. W e g (R Hp Do Twiu ] N

pnoi) uonjey s
9] -1dwaag d Z u |

Wwawo) | wawo) jo Jo ]

FELT Jajem Suoly W Ney Joyoey Ananwayay | sanjep adA L, O J¢ aune VNAV( 1Uodj My

pmbi pmnbyp W Jo o) uoney Aianoayyay awnjo z leung uone; unday -dadwa |, aduey ASSHY

™oL pno1d | 1eadaw -Jaaiem-pinbry -1daag a03ead -1dwadd io0ajaw apuos €0 Z1I0H

S WL -l 'C.::m: owey
slajauieded painseap-Jepey

wwmwnNG *ON USN:'& JISSI\ J0] sJajaweaed hOUwOEOhﬂ%ﬂ pue aepey Iy} JO sanje A [edlJawny ayj jo uonenqe |,

LIND 0£:80%1 3& payouner] ‘g6l AJenaqad ¢ Jo (Z0IL8PYH 'ON tun)

‘2D 3lqel




0ze " 810" 1992 zoe” [} £66 N_.e—\!_.v 0°99 8°2- 1s°zt 18°c
6se” | 220" 5292 Lee” T €611 21017286 | 899 . cohﬂo:.“ ¢z- €621 9L
LLe’ 1£0° L8Sse 9te * st oszl Nu.O— ~01°9 0°L9 r.ﬁ._ alav’| z'e- sizt oL'e
Ly’ €0 ° €652 z8¢”° 69°1 21-00 ~8BE"L g°L9 8°1- 0021 99 't
Ggs * 850 ° 8922 L’ 88 °2 21-00 ~¥LI2 | goze £°0- £6 01 £E '€
LES” 680 ° 1961 are 80 °% N—.e_ “ v REY L°s8 auoy Lo L9°r 86 10°e
86t ° 080 ° L gle” Le's N-c_ #25°0L 9°LL LUTRTETTN gl LEY 08 '8 92
oy’ 080 ° £691 4% s °s 180t N_.o_ »8°99 ¥LL 6l [ 4 LL'e 99°2
v8E " 6L0° 8S91 soe” £0°S [ 18:T4 N_.c_ “0°19 o°LL ez LT ss°8 19°2
[4: 1 L’ 9l S0t £0°¢ ol8e N_.c_ ~0°1l9 0°LL Bt 4 ol 'y ] ss°e
gse” SL0° 16sl 8Lz’ [A e 4 A4 m_-c_ #6°18 £°9L Lt DI ol '8 0s°z
ose”’ £L0° 1961 L9z (49 4 2tee N_qo_ < bRt 0°5L 0°t HO ¢ o°'s e
09¢ * 0L0" oesli 062 ° EL'Y £9se N—-e— «9°SS 9°9L £°S 20y €8 °L [
£EE " 990 ° oost L92° (A% 4 aeee N_.c~ Ve 0°9L 9°t 6L s9°L €Lz
] D £90° 89¢1 (4 T4 (10 4 M 4 N_.c_ 7 1°ES | 1 6°E [T L Bz 'e
Lse” 450 ° SEvi g ] N_-a— #9°6% 6°9¢ ' 8°t 62 L ez'e
gyt * €%0° 2ovl tue” 08 °¢ AATA N_-c_ # 698 L°9L S 6Lt 1 3 3 Lz
e’ 2%0° oLel sLwe’ Sty Leed n_.c_ # L°0% T°9L Ly L't 69 e
vze” 680 ° GEE L sLe” FL e LEEe N—-..Z < L°0S Z°8L 0°¢ 9t SL°'9 90 °T
e 0 ° Loel e 88 "¢ £892 N—.o_ < 2 °BS 8°9L £°S PR L9 00°2
Lre” 4,0 vLel S0t ” £0°S olge N_.o_ 0°1s 0°LL 9°S 9¢ 'L 6k 9 61
ote” 0%0 " ovzl 062" EL°d £942 N_.c_ « 9°6¢ 592 "¢ 0% 'L 1z°s 68 "1
sot ’ 860 ° izt L9z ey A x44 N_uc_ T ] 0°4L 19 9t 't L0 Rl
ot * LEO oLl L9z (S5 4 arée N—.c_ < b8F 0°9L L (T3S 8 °S aLcl
BEE " LEO” Lell ot * Su 'y 9%LZ N—.c_ « 9°us 6°9L L9 SE °t L9°S gLl
1% DN 880 ° (428 S0t ° £0°S 0182 N—.e. <019 0L 0°L I X A A [ Y Lol
vee " 680 ° 6L01 sot "’ £0°S 0i8e N_.c_ ~0°19 0L uorday e°L | TAS e s A
et zro” Spol S08° £0°¢ o6z | o 0t 0% | oru Wy urey 5L 0z'E £l 95 °1

H uwd w oW Wm-,c E..N u wa Ay W o :w.,: u - wio il D i U uy

b LER3N J
4 pnot) uone; S
yied ao] -wdioaad d r I i
«.....M.«u”a. ﬁ”””u.sv &hﬁn__pwf. £ Iy £ ey aojoey Atatoagjey sanju @dA | AUOZ d¢ adne VNAVI Wwodj sHany
pmnbyg pmnby W Jjo Wauo ) uoney Altanoagjey aunjo A jeumsg uote, uoidoy -Jdadwa | sduey SISST
1®i0], pnot) |eadaju] -daep-pinbig -wdioaddg aoyeadn -tdioaddg d0aei apuos [eOZII0}
-] -0JdpAH owpey
sdajaliede padnseajy-Jepey

(uoD)

LIND 0€:80%1 & payouner] ‘gL6] AdJendqad g Jo (Z01L8%YH "ON 3u)

19€9-20 'ON YT IISSIN J0j SI3}2WEIRJ JOI}BWOIPAH pUE JEBPBY 3y} JO sanjep |

BOlJaWNN 3y} jo uoneinqge|,

‘2D dqe L




19€9-20 "ON W4 3ISSIN J0j SIajdWedeq JO

(3uoD)

3}3WOIpAH pue Jepey ay) Jo sanjep

(41 69¢EE (43 I s 6¥e 2101 22t 009 got- | ss Ll sEs
n’ rsee (400 68" 082z 21 -01 ~ 971 09 66~ Ll 62 °%
ar 8EEE arl 29" 00t 21-01 #9¥°1 #°09 96~ 6Ll s
1310 ozee £91° 89° (493 z1-00 2Ll s$°19 £ 1o°Li 61°s
12:]1 0 (41 14X 91" oL’ 69t N_.c_ ~08°1 L1y 06~ £8°91 5
oL €82 L’ eL° 98¢ N_.o_ 88"l 6°19 48 $9°91 s
L L]0 £9z¢e L1 8L’ EEY 210t -1e L4 vH- Ly el 20°¢
622" ovze 622" 86 ° 929 21-01 - S0°¢ 0°%9 '8~ sL°9 62 "9l Lo
A1 0 Lize 11 i 6L £rr 21-01 9172 §°29 6°L- L9 (R 1 6
Lz pele Les £6° 18 N_.o_ 6Lz 9°L9 8 £9°9 £6 'l 98 ‘v
622" 691¢ (T4 e * 929 N_-c_ “50°¢ 0°ts gL HS 9 L6l (1
£92 Irle 92" L1 BHL N_.c_ “S8°E 0°%9 e°L- 2s°9 LSSt SL°h
00z " 9lle 00z * $8° Lot z1-01 ~Ev°2 0°E9 0°L- 1 At ] CI 69y
00z"* £60E 00z * 8" Loy 210 k¥ 0Ly 8°9- %9 1261 [0
692" 890¢ [ 01 6lL m_.c_ <05 "L 9°%9 §°9- sL°9 L0 61 B °¥
[ Jx 6E0E oLz Lt 928 N_.c_ ~E0°F 2°s9 €9 4z°'9 S8l €Sy
| 2X 600t vz’ ol 1l She N—.c— “Zl'r LS9 0°9- A Lo°rl A A
622 ° 0862 6uee” 86 ° 929 N_.e_ <50 L 0°ty 86~ Si°9 orrl v’
622" $562 6uge " 86 ° 929 N_-c_ “60°¢ 0°Fs §°G- AR e el 9€ °¢
€9z L262 €92 " vl 88 21-00 687 049 £°s- 90 °9 DA 0 (§50 3
(414 L6HE 282" 2zt L] N_.o— L $°%9 0°s- 6 'S 6 °E1 STy
622" LETT 6ge” L 929 2101~ 50°¢ 0°t9 8y £6°S el oz °y
€9z’ 1v8e €9z L1 g8 201 ~88°%E 0°%9 S e L8°s 6S el [0
£9z° 14114 €9z ° L0 a8 PYECLIE L 0°%Y £y 18°¢ Irel 60°¢
€92 " anLe T L BBL w_.o_ ~SB°E 0°s9 I 9L°s £2°El £0°t
€9z 0 s €9z " [ 10 8L z1-01 ~S8°¢E 0°ss 8°s- oL's S0°el 66 °€
vz | o* 6212 €92 ° vt s8L | ol«ses | 0%e .- Y9 8°T1 26°§
88z " vio* £692 | JX A 6l Sl -0l ~21°y £°S9 bop atavy 0'E- 9% °S 6921 18t
wwd W wa _%. wowa wa _AY £- W OE.: 1- wo He o [ IYEE way
ww
2 pnot) uone} 2
yieq ] “1dadg d 2 L 5t
WO, | wawo) | assiN jo o
Jdoyem Jajem Juoy W d0oeq Altatoayey sonje ) »dA L WOY 20 sane VNAVI woaj Ky
pmby g pinby W jo Wwajuo ) uoney Allanoagjey auIngo A eumg uone) ugidoy ~dadiua ] eduey EILEETTN
1=0], pnoi) [LEEETUT ~Jdajem-pinbrg -1dpaayg Jojead -1dioaayg FOETETN Puos [euoz1I0}
-] ~0JpAH opey
e ——————

LIND 00:80%1 e payouner]

‘£L61 AJenaqag g Jo (ZOIL8FPY 'ON Wu())

ledlaawiny ayj jo uolje|nqe ],

‘2D 3lqel




0 (118 4 /] o o o 0 _ 6°S¥- 6¥°2l €0 °eE 90 "0t
810" Loty slo* ¥ sZ°0 N—-o— = 2Z100° 0ot Sy~ "zt 88 Tt Z0 "ol
14, 860¥ €90 ° E4 szt N—nc_ #1900 " 0°: 5 [ 4 A [X A tr e 68 "6
sw0° 6v0v | 60° 2 s6 € 21-00 - tolo"|  0°zy ] 2 ov- CHLRLLE 6bte
ozt” 906¢€ ozL” 8y S8 '8 21-91 - 2L¥0 L1 4 _.v L&l [ 96 0l 3.0 74 gL°8
B0t - 68t 801 zr- 0¢ s 2191 - 9v0° R ity 1oze- 090! 08z £y
zol- ziee 201" LE” 5h g z1-0t - 690" 0°9¢ LI LA FAd A Ivol ev°Lz 9t "
Lo e ¥60° €€ " Lol (-0l - 1s0° bat put _.,1”._:” L6z~ LIRS T4 vl
o - vt v80° [T z°ul 21-01 * vs0° 14 L 0] L He- HOOl O "9C 10y
950 ° 189¢ 950 ° g1 - szt z1-01 “190° 0. 0°42- t9°% S0 "2 9°!

uOt e
"0 - 26SE 90" oz" L6l 7101 7 L20° 06y Voo meug _.‘..Eﬂ A Ly 1rzz £8°9
90 ° Lese ¥90 0z* LSt 2101 <1107 D auo, 9°nl- ] [T 7 08
450" [4314 650 ° X 042 N_-o_ - HEL " % 0% r./‘_ .mu.hum._w LoLi- Zr’e i s
$$0 ° 61SE sso oz" ¥z N—.c— - EEL” t 0% vue L 8¢~ ol s LY 02 tZ°'9
155" L1 9 is0° oz’ S --o_ - E¥T° 0y <f,r e 6 L= 6l'l 0% ‘bl | 7R
iso- L8t iso* oz L°67 N-‘o_ L% 0°Ls 9°¢El- (30 Y 06 °S
90 ° LLvE »90 " sz- 9°EL N—.c— * 6%E " P 41 Z°el- B9 "L el | Y
690 ° 69%¢ 690 " L’ 9°28 N_-c— = Loy" Z°ss 8°Z1- | 2T 6, "HI 6l°Y
£90° 199€ €90 ° e rrt N—.o— 94 " 9°9¢ 4§21~ By "L iw°gl Ll
£60° 1S¥t £60° ] Let N—-e— - 899° | A et- F4 98l B9 ¢t
(350 orse e 9’ sel N_-o_ - 200 ° LTHY 8il- 1] 2 b1 1 28°%
st - LZye 11 0 " 4sl N—ue—nwoa. 0 'ny SuL- or°L T8l LAY
ezt [ 23 9 621" £S° :1% 4 N—.O—x 91 b by By Tl | LA 00 "8l 1s°y
(115 6658 621’ £9° 1114 N~.c_ #9511 LYY . wouL 601~ 8T°L lo°Ll 3
f{18 | ¢ 14N (4% 139 692 z21-08 -2t 0°0Y w1 LA 9°01- (23 LLol or's
noEEU _w w¥ _wwd q.E ws —-..: urw n-EoEE —-EL 1 . TG T R
ww
A P21 ) uone) <
yieg 3] -doaayg o zZ N 1
'.-OO.HU I.”“NU 08_“-10-_.<I i " w Ny Jojowg AMAtIyIy wanje odA ] WO de. +dn3w YNAY Wod) SpN Y
pmbyy paby-y N jo WIWO ) o Aanayey wWINjO A 1sudiy uow, uotdeoy -dadwiag aBumy SIISBLLY
[ 3 8 prol1) | 1eadaw -Jajmm-prabe] =wdiaag aoymad ~wdtaeld 1031211 Huus IR WOBTIOH
- a] -0JapAH olpey
sldjaurerey palnstaN - JepUY

(U0D)  LIND 0£°80¥%1 ' payduner] ‘grel AJendqad z Jo (ZOI L8¥YH °ON Ilu[))
19£9-20 "ON WAINJ I|ISSIY 10 SI3}aWeded JOIPDWOIpAH pue JEPEY a3y JO sanjeA [edldawnN a3y} jo uoljeinqel °zD) 3lqel

69



969" 9501 909" ol ¢ L IRPTIN TN B :ouﬂﬂm rre- TR 8z ¢
i o o £ I ; o
i 74 M 296 [ 74 ¥8°¢ TESEL NTE LA S sl ?daey 1z~ 60 "¢ 6T "L [
L19- LZ6 L9 18°2 - 01 s Su’ul oL 0°C- 96 ‘'t vl "¢
cl-
io¥* 6Ll - [ 3 ol - +2°9¢ 176 210= £9°¢ 98 1l
[4 %
¥eT° [4:1% tec” JA N—tc— « 'BYE borH auoy, L0~ 1t °€ AR |
|99 0 ¥t 1 ss i 5, 01 - L6711 969 aunran o Bu "¢ ol "1
otr- (4 (4 otr’ veol Ll N_-o_\mm.c_ [ "69 <0 v'e 8T T
801 ” (144 801" FAR | ‘g9% m—‘o—‘w_.c_ 0°69 Lo I6°2 cl’l
S60° 812g $60 " OE"L ‘0Lt - 01 - t0°g 0°89 v’0 $8°C 0l
<l
560 ° 102 €60 ° ot "1 ‘0t PYPRU I ] 0°89 1°t 08 °C £ & 10l
801" 91 8ot ° A1 1 N~|c_ » 81701 0°69 ¢l 9L°¢ L I I
801 ° £81 801~ A “99¢t mTo_ g1 "0l 009 71 0Lr-c Lv'e 1o’
860° cLl 800 ° |29 ‘88¢ N—-O— it g 9 tY'¢c [ 53:
560 ° 191 w0 * oLl ‘0ln m_ug S fCR ¢l (3E i97a 08"
- o<1 it MU "8yt N—uc_ s nt ol <59 Lo te e 3% 2 22
801" el 8Ol ~ cs ! Y4t N.L.c_ <9170l [ c'0- i Le e 69"
8ot * cet 801 °* P4 | “99¢ N—uo— 91 "0l 0°n9 8°0- ot e L0°C 19’
801 * gLl 801" cs L "99¢ N~|c— - 21701 0°69 il g o (7 2 § 8¢ °
801 1ot 801 ° 28’1 “99b N—cc— - 9170t 0°59 60~ ¢t 'C [ A cs
960 ° L'68 960 " cL L ‘6LE N_-o_ +gC8 1°89 St1- 9¢ "G LS Ui, 2
S60° 06l $60 7 0g "1 ‘0ls 0l - ¥0°8 0°89 Loi- (A L€l (5
al-
80t * 929 8ol ” 287 "99¢ NTA:\N_.O_ 0 69 L0~ ti°c JAG 8¢ -
680 ° 9°9¢ 580 ° 1zt ‘0Lt N—.o_ - 91" $°L9 2°0- ol-e (A (17 9
080 ° s°ig J8O ° 01 XA 21-01 - 9v7¢ 1799 z°0 t0 ¢ 18- T
S0° 6°82 SL0° 667 ‘s N—.c— R ¢ 99 Lo 8o ", £9° vl ”
Su0° s$°oC €L0” 66" i A N_.o_ L ¥ < 99 £ En 'l st [ A%
00" | A4t 00° 76° ‘giz N_.c_ cELTE L°59 t°e gl " 8°0
0L 9y 00" 4 ‘gic PR ] I A L°eg [ €81 (1 £°0
ot \ uotday
S60 " 0 S60° oL "1 ‘lig N-qb—n_o.x 0789 4.: ui y LE [1}: 21 V] 0
uw w3 wowd ur wad wr Wt W ’ UG 1 [
nnEEN - mN- . £- p - g-Yg 1- H KB 1] A
HP N .\
z pnot) uotyey .
yied 29} -idwaag d 7 L B
Wawoy | wauo)| Iissiy jo jo
dajyem Jayem #uoly N C2lg:] JOJOR g A0 jaY sanfe y\ RN BULZ d wdnie ENAVI Wodj af-N Yy
pmbi pmbig I Jo o ) uon:y Aitaroa)jay J.unju y |eu iy [PITTRUN Lutdoy -4 e | Sduey EILETTN
™ol (123 9] 1ea2a3u] -aaem-pinbig -tdisaag Juyead ER L PN | dOdie Sp U~ itiuuzaoy
-a3u] ~Gdf AL ClpEey
S1I1WEeIR] PI. NSEI[N-IENEN

SanjeA wnuwiixewld ade JOoIp
SnII1o Jaddn ayj 10) sanjea Jajaweded 3y} JeY) 3ION °LIND 00:0H01 I8 Paysune] ‘g6l 4denaqayd Lg Jo (€01 L8FH "ON 1tun)
29£9-20 "ON W1 d 31ISSIY J0] Ssdajaweded J033}3WOIpAH pue aepey ay: Jo s3anjey [BoldaWwnyN ayj jo uoljeinqe |

‘€D 21qE L

70



L89° ¥co” 6I1E £€9 " 88°2 Zhve NTo_\c.n.w_ 2L 0°ll- 29°'s  w9'el L8E
LeL’ 00" SvoE L69° 61°¢ vroy o 01 £TL61 6°1L L'ol- s 1sel 18°t
9oL’ 0 9962 9oL’ ve'e 8ELY NTo_\E.cN o'zL v°olL- [A TN % A 9Lt
90L” 1882 goL” ve'e 8ely N..o_ #8102 o'zL 0°ol- 9¥°s  sl°zl oL e
018" £082 018° vL°e 602¢ N_.S z1¥°se 0°EL L°6- [T L6°11 S9°¢
916" 90LT 916" A 4 60%9 N_-E #92°1¢ 6°€L v o= SE'S  6LTIL 68 ¢
018 ” 6092 oig’ vL'e 602S N_.c_\:..m.w 0°gL 0°6- 0L°s  19°L1 pe 'L
916" £1se 916" Lt 60%9 N_-o_‘wm.:h 6°€L L8 LA T A 8yt
oig* 18 44 oig* L't 602% m_.o_\:..mw 0°gL v 8- 61°6 G2l Ly 'e
626" [18%4 626 ° €LY 86¢9 N—-o_\.\..:. 0°'vL 0°8- ¥ic'¢ Lol Le°e
018" (4444 018" bL'E 602¢ o, 01 1y sz 0°gL e 80°¢  68°01 [A S
189 ° 8EIT L89° e | R34 N—uc_ #8261 8°1L €°L- £0°¢ [ 97 'L
1 24 902 ¥e9 * b8 'C £9€¢E NTS #1%°91 T EL 0L T 4 £S 701 et
L09° S661 09 ° 9L e (4§47 NTo_ #L9°Sl 6°0L L°9- A 4 Ge ol 4]
89% ° el 89¢%° 60 °2 vL0Z o 01~ zlL°ot 069 | & 98¢ Lol o1’
LES” 681 Lgg” [4 24 (5 T PR g vLoel 0°oL 1°9- 08t 666 $0°E
80% * 9281 80% ° 18°1 Lp9l N—-S £%0°8 0°89 8°¢~ 9L 18°¢ 66 °2
LEY " 6LLl 8% ° <61 88l N_-S #20°6 S°89 9°¢- oLt €9° LR 4
80% * ceLl 80% ° 18°1 Lyol N—-E £%0°8 0°89 £€°6- 1240 4 St'o 88°¢
LE 891 Ley” 61 8¢8l 21-01#20 6 S°89 0°S- 8c ‘¢ Lete £8°e
(41 12518 9% 90°2 Leoe N—uc— #£68°6 6°89 8°%- pe 't 60"y e
29% 23¢1 29" 90°¢ L202 m_.E X 68°6 689 9 b~ 1 28 N 70 cL'e
piv* vusl viv® v ¥8°1 9891 mwuo_ P A ] 1°89 R o %5 2 4 £L°8 95 °2
| 22 pavi viv* el'e zele N—nc_ #Gg°01 [°69 0 - X 4 668 19°2
106" 6evl 10¢° ce'e Leee Nw-c_ #GE 11 €69 L°8 ey LE 8 cc°e
919" L9el 919" 08°2 1828 |, 01 #£0791 0°1L G ¢ 22t 61°8 [
avL” 162t 9pL” 4 LESH N—ns reltee vl sodleis sl oy 1z°¢ 10°8 | 4 A
org” ¥0z1 org" bL'e 6028 |, .01x1¥°¢Z [ O°EL gt 6°2- Sy €8°L 0e'e
9vL” 9LIr L ev e LeSh N_on: ~gl'ee v°TL r/; adaer] L2~ (V18 4 €9 °L [AAE
n-EE& n-E w2 N-E E.m m-E wa o :wEv: _.é‘ oy e T Y] a1y
Sup i I
2 pnoi) uone; "
yred 201 -1dald d Z u 5
WRUOD | Wwauo) | AIssIy jo jo
Jajem Jajem duoly N ey Joyoed AlATIOAjaY sanv\ adA | AUOY VNAV Wwodj PNy
pmby] pinbr] W jo wajuo) uonrl Ltanoayjey awmno z [eudg uote, uotday aduey SISST
1®0L pnoid 1eadaju) -Ja1em-pinbi] -1dasg Jojead -1dtoadd d0a3a 4 apuos [PILOZIIOH
-a3u] -04pAal utpeYy
S1919UIBLE] PaJINSEI\-JEPEY

(uoD)

29€9-20 °ON WI1[d 3[ISSI\ J0j SI3jdWeded J03}3WOIPAH pPue JEpPEBY 3y} JO San[eA [edldawnN ayj jo

LIND 00°0%01 e payouner] ‘gL6l Adenaqas Lg JO (£01L8%H ON Hun)

uoljeinqe], °gD 3lqel

71




L Lo’ [§247 060 ° 1 1et 21-01 7 ¥9° 0°LS L'oz- LT T or’s
£60° s10° [ X344 S0° og” 8°¥6 z1-01 = 9¥° 9°ss £°02- gl°L ss°ul 5E°S
880" &t0-" [x434 ©90° &” 9°28 z1-01 < 0r” 0°s¢ 861~ 90°L re°Ll 62°S
- . y 0" - . 9 o - E o g
£60 (244 L 139 0 (14 920 21-01 ~s¥ §'SS ¥ ol 0L 61"l ¥z°s
060" 120° socy ©90° & 9°28 21-01 209" 0°$¢ ol 9’9 10°Ll 61°S
wL- €20° o62¥ ¥80 " [ 2% Lt N_-E #L8° G 96 L°8i- 06°9 £€8°91 3 I
ne’ »20° 9 144 0n0 " I et N_-.: %9’ 0°Le L8~ 89 991 w’s
ozl" s20° (Y244 S5m0 6L” tyl z1-01 70" L2 vl 8L°9  L¥'9l z0°s
oct 920° 89y vol - [ 591 21-91 ~ 08’ 0 °8¢ 9°L1- L' 6291 FX 4
€€ >4 952y 901 ” L4 vl z-01 vy’ AT €L- FURE T ¥ 1 oy
6S1° 8z0° £rer tet” rs - tre 2g-0rmt Lng 0Ll 79°Y  t6°SI 98 ¥
907" 620° sy DR o 9L° (383 z1-01- 202 1] 9°91- 9579 G761 08y
L1324 0€0° rozy 802~ ©8’ Les zp- 0170977 [ty L°91- 0$°9  16°Gl SL°y
9%’ 1£0” tely s0z” 8y ° 4% PYR IR S 0Ly 091 ¥F°9 uE'sl 69 ¥
00t - ££0 " (4184 5T STt 208 PILTR O D 1 9Ll 8£°9  1T°S1 (£ 84
165" S€0° ully 95”7 [ ) 0Ll 21-01 8Ly 0Ly [ tL 9 £0°G1 85 ¥
o8y - £0° S Loy n:“ Be ”_ 1n8l 71-01 - €T 98y 0°s1- 829 $8°#1 [ 4
959 ° oyo - sioy 919 08°2 182 | S 01 - L0790 [ ¥2 9 ¥l 2T 9 sy
6vL” 40 16t 90" (£ sLly | o, 0ls81°02 0°zL Lorl- 9’y uhwl 'y
e’ S¥0° 8s8¢ 8% e Stob | o 0ls22°¥2 8z o°rt- [ A3 T A ] 9ty
S8 9o 89Le 01§’ Le 60Z8 | 5, 00 ~1¥°GZ 0L Loel 90°9 £l ¥l ey
e 050" SL9t 198 zo°' S¥BS | o, 01 X168 STtL [ A 06°9  Se'gl STy
299 250" 1ese oig” v v0zs | o 01 Upis 0°eL 6Uer- $6°6  LLel oz°y
9L $S0° [ 1124 soL” [ BELt | . _OI-81'0Z o'z Lhet 8’ wuS'El vy
4T N 50" [£429 919" 082 JA'T4% Ol - £0°91 01 £l [T § A1 60t
21-
osL” 650" 1744 69 ol 't Yot L0t s 2Ltel [N 3 o°ztL- nl's  £T°EL €0y
Zt uotday .
s 090" [ 9743 269" ol 't Yoy | o 01s2L % nolL i NS YL’ s0°fl 86°¢
e 250" c6le 289 " [ 21 tset | o, 01 -82°1 8°1L oBivy [ ¥ 89°s 2l z6°¢e
r.EEU n-E wd N..: w3 ras w --.:.. i) g g 1= Hr i e tau LY ] wy
S, o
P KX \
2 pnoi) uoey I
Yied 221 -diaag d 2, u 1
WIWOD | HWO) | IissIK jo jo
aamm aaem Buoly 3N 23y Joi0e 4 AALL 3] jey sanjey +day QULY A 2Jnje YNAYI Wnaj Py
pmby pwmbt W Jo wIuo ) uotyey Altato9yay <wnto teudig uotle, uotday ~aadway aduey SIS
™ol PO D 1e1¥aju] ~aayem-pinbi] -wdidaag dJyeas ~1UtLwd ] dudiad 4 UOs jejuoztIol
-] -0d4dpAaH opey
Sidawelied FaINSTIN-JBpRY

(3uo )

72

*LIND 00:0%01 & payoune] ‘grel Aaenaqad LZ Jo (£0ILBYYH °"ON Nuf))
29£9-20 "ON 2114 3[ISSIN J0j SJdjaweded JOIPWOIPAH pue Jepey 3y} Jo SanjeA [edliawny 3y} jo uonjeinqe] ‘gD dlqel



[ 9209¢ 0 [} 1] 0 1] S 6 gL ol 00 62 g °8
810" 9099 610" 8€0 7 192 ° N—co_\ 100° [/ 115 AT ¥L01 46 "BT [4'd ]
"o’ 109y "Wo- [ ¥4 et N—-E\wao. 0Lt Loup- "9 0L [ T4 9L’y
160" 1LSY 160° 8zt * 12°s N—ne_\nc. 0ty -1 o 4 01 00 ‘42 LY 8
e 1¥SYy (448 06y S0 ‘6 N—'c_ %0’ ¥'Sy t Gy e ol 0% °!7 19 ]
. . . . . . d3Ae] . . _— s -
181 zosy | 1e1 0rs ¥ 0l 21-91 - S0 0°9r NeLanal DTS Lol 007 L2y
e £9%9 t14 8 1] 06 N-.o—  v0" FSe 2] LA o Qe e 04 °97 L
- . . . . - - - . -
080 1cyy | oso 082z vy L,.01%20 o'z ' o oty nete 00°92  hnTL
] sovy 0 0 0 0 0 ¥ BL- v, 00 <7 762
o (41144 0 [+] 0 o ] LA Gt Ty 19°¢7 0 "L
[} ({144 o 0 0 0 Y 1ea) 9t 14y [N 002
0 0 SO¥Y 0 0 0 0 0 2UON bownssy 9 “ui- 0% 'H LT 0s°9
2T0° €00 " 96LY £20° 980° 1°g1 N—no—\voc. 0°L ¥ 90~ [ AT A JXV I 1 b ]
20" %00° | (144 £€20° 980° gt z1-01# ¥90° oL 0°9¢ 8L oH el 9y
820" S00° 16¢¥ €20° 980" [ z1-01 7 ¥90° 0"y PR 08 "L | R 10°y
20" wo - vecy 020" r20° +°0! z1-01~150° 0°9¢ L°ve- 4 A (1.
180° 800 ° (4144 £€20° 980° 1°¢t z1-01 # ¥90° 0°Ly 9°Le- ne Wl vty
€0 ° o1o0° 6LEY 920" 660 ° S ‘91 N—.c_ “80° 0°8t [ X i 7T 18 °HL [
1%0° 1o’ 9LEY 0£0° i’ L o7 N—.O_\c—. [/ 4 Hez- 2 23 £9 81 37N
$0° €10° 99¢Y 090 v’ 9°59 -0t aes o'ry [ o GUNG L0HlL Lys
»e0°| sto- 6SEY 690" It 9°28 2101 sov Y S T L nurH s
960" 810" (1114 4 080" (4 $01 N_no_ »25° 1°9¢ bxr) (LRI 171 LA ie2d 9ty
D3 Wi P Bis - e 1T UL o> un
n-EEh L wa N-E uws n.,f 1 LAY W r.Lwt i _.L: Ht G
IS . O
HP N J
2 pnoi ) uvley
qimd 1 -wdioaay A 4 i i
WIWoD | Wwawo) | aseIn jo Ju
Jamm Jamem Buoly N 2PH duyoeq AtAl A9y soniw g wda L sUGZd sdnie ¥NAV Uudg H-ny
pmby pnby] W Jo wawo ) uonry AMAT LAY 2.4000 4 leudty uuyE, uulday -dod Ua ] J3uey Q1SS
™ol paoy) | readaw -aajem-pinbiy -idagg FOIUSY. -1d1 94, doadie S UUN {RLOLZII0H
~ U] - 04 Al ey
S$13PWRIE S PIINSVIN~JCPCYH

(uo )

LIND 00°0%01 e payoune] ‘g6l AJendqadq Lz Jo (E01L8FYH "ON NuQ)
29£9-20 "ON W3114 IS8l JOj SIajawreded JOI}DWOIPAH pue JepeY 3y} jJo sanjep [edldawinN ay) JO uoljejnqel

‘€D 3lqelL

73



174N ohel AN ve 'z L9tL n_.c_ < ¥°91 ¢t 90 ¢ 10°a 34 e
9zL” LLel 9L’ e L EEE Y 210t -1z g°'tL 6’z ot R L (30
66L° 8811 auL’ u9°'E ['IVES PTG i £ 6'gL L€ 96 ¢ $9°L [
soL” voii G0L° a0 sely |, 01-2'02 | o'z bt bz 0676 LpcL 82 '
WOl

90L" szol 902" A By |, 0120z 0°gL b adav] 12 S8°t 62 L ez
969 ° $86 969" 6l g 700 n9°1T £ 2L 0e- 0z ! 6l g
ey 666 pey” 09°2 PYPULIEE €L ¢ Lo- [ !
662 ° 69 682" 10°7 21-01 - o0 e sties 50 : 00°¢ '
zo1* €52 zo1” arl 2101 #6176 4Ry Wy unylap t°0 GuE 06 i
101" 1s2 [T D aly 2101 72075 <8y - () 8¢ L8 % Bl 1
$60° ove 60 ° 0"l 0Lt PYRLLER 049 Lo w9 'L el
$60 ° 622 560" 0E "1 oLe z1-91 - E0°8 0°8Y 60 le°g L0 "1
$60° 812 60 ° ol OLe 2100 ~£0°8 0°8 Lt [ 10°1
801 ° Loz 801 ° es’l 99 PR LT ["RCY) 21 H9°'2 Sl e G "
801 * Sol 8O " 99¢% z1-00 7 1ol 06y vl 29z K 16*
$60° £gl 60’ 0Lk PYPULIEE 04y 9°1 L6°C  6L°2 8
960 ° gLl 960 ° 6Lk z1-0t-2z2°8 1°89 A £S°C 1972 o
ot 29l ot 9l¢ 21-01 207w $ 89 $°0 ub e £¥°2 L
L ZA ubl 1 ZAS Lt Las .J.c— « L2l 0°0L Z°0- Ly 2 s¢'e 6ue "
9l 9L 1 9L’ UM €S PTRULIE & $ 69 %0 T L0 7
L60° okl 60" be i #8E 2100 ~1e°8 | Z°gy t0 L°¢ o681
960 ° gl 960 " el 6LE 21-00 ~2zn 1°89 1°0- LZe e s’
L8 5 801 395 L334 .u.vc_ < 9°01 Z°69 ] 222 £S 1 v
8o1 * 96 Bol " 99¢ v_.o_ <1701 0°69 L0 Ll e sE”l |
L60° 8 L60° || ET T 21-00 “ ¥R | 7789 1°1 4 B 4 41t 9t *
e et 3% A 113 z1-00 ©9°01 | 2%y Sl e ent v
660" i9 660 " 9% "1 Lok 21-00 # 19°% £ URY . uoiFey 61 20°z ig* s
$60° 0 60" 0Ll 69t 21 01 71078 [ 6729 Yy utey [ 081 0 1]

n-EEﬁ n-,: wa nmu,: E.N.. ¢-" wa (-3 w g- U Ui [y i D iy VE uy

THP N J
2 pnoy ) uoney v
yiedq @] “idioadg o > I .I_

Wawo) | wawo)| apssiy jo jo

dajem dajem Auoly 184 Ay dojoe 4 Aatioaiey sonjey adA | QU0 do VNAV( woay PNy

pmby pinbrg W Jjo Wajuo ) uonny Altatoagjaoy aunjo y |euimtg uone; uotday sduey BRI EN

™oL pnoj) [eadaug ~damp-pinbrg <1dioaa g dojea ~tdioaag dOD § [ruozaoy

- a3 ~0JpAH opey
Sdalaluede ] paanseaj-aepey

SNJJ1O Jaddn ay) J40j sanjea Jajaweded 3
€9€9-20 'ON WFN IISSIN J0j sdajowe

Yl eyl 910N " LINf
Jed J0330Woapiy

SanjeA wnwixew aJge Hoap

) 0€:0¥01 & payouner] ‘g,6] A1enaqa.q L2 JO (Y01 L8YYH ‘ON 3uq)
PUE JEPEY 5Y) jO sanjep [edoldawny 3y} jo uoneinqe], ‘p-) 3lqe L

74




L’ 090 ° 09%¢ 90L” | 7% 1A% 4 N_.c_ ~2°02 0zl Letl- 0s°S G0 ‘el 86 '€
L98° LS0° GLEE ol8 " | 7% 6502S N_-e_ v°se 0°el voll- s gzl 26°¢
[ 11 ¥50° [4:14% 968 ° o't ailLs N_.o_ “6°Le vEL ot~ 8t 'S 69°2l L8°t
Lot 0%0 9LlE LEO "L 98 ‘¥ ye8L N_.c_ + S '8¢ 8°vL L0t~ ¥E S 1621 18°¢
186° 1] £90¢ 186 ° (198 4 o6lL N—.c_ «1°6¢ | 2 2 vol- 62 'S ezl 9L°¢
ois* £962 0l8" vLoE 602¢ N_.c_ o A 14 0°el 0°01- ve's szt oL't
e8sL’ 1 2214 88L° ¥9°t Slot N_.c_ N 11 g°2L L6~ #l°¢ 6l 69°t
0i8 " ¥8L2 ol8 " vL°t 602S N_.c_ s ¥°S2 [ e b6~ £1°S oLll 6S°E
ois* ¥692 018" vLE 602% N—.c_ o T4 0°tL 0°6- 80 °S 19°11 ve'e
ols* £092 oig”’ yL'E 602S N_.c_ S AT 0°tL L°8- £0°S [ 200 8% 't
626° 9052 626" EE ¥ 8689 N_.c_ »0°eE 0°vL va= 1 Gzl % %
o€l ” 9¥¥e 9t " LSO 119z N_-c— PR A | 0°09 0°8- 26t Lot LL°E
9sL” 96¢2 9sL” By °E 13414 mTc_ LT S°sL Lt L8y 68 01 [4 3
626° 20€e 626 ° 1A 8669 N_no_ ~0°2E [V 2 - 8y Lol 92 't
626 ° 8612 626 ° I 4 BSS9 N—-o_ ~0°2E 0°bL 0°L- aL'y £5°01 1zt
Sis” Lz Gis° 494 1% 74 q—|c_ £6°11 L'69 L°9- D sL 0l 1] e
168° 8£02 168 ° L% 4 ozi9 m_.c_ CRUTA L°EL ¥°9- L9y Lot o1t
L’ 9¥61l 9L’ £S°E sty N—.c— 282 9°2L 1°9- 9t 66 °6 $0 'L
919° 8981 919° 082 LBTE N—.c_ 70°9! [V A 8°6- JA0 18°6 66°2
sis” so081 G166 ° 4954 9E¥e :-c_ #6°11 L°69 9 °G- F4 N 4 £9°6 ¥6°C
80% " £sLl 80% " 18°1 L¥9l N_|o_ - $0°8 0°89 g6~ Ly 1 ) 48T
99¢ * olLl 99¢ * 19°1 oLEl u_'o— 899 Ly 0°s- 18 28 4 26 £8°C
L6E " L991 L6E " 9Lt L6l 21-01 <97 8°L9 8°¥- 98 % 606 LLe
80¥% " 229l s0% " 18°1 L¥91 N—-c_ < $0°8 0°89 9°v L'y I6°'8 eLe
19%° 1 229 19¢° 90 ‘2 Leoe N_-c— < 68 °6 689 O 9z 'y tL'8 99°2C
19%° zest 19¢° 902 La0z .. 0l #68°6 689 [T 2 [ s '8 19°¢
el 2 uoiday ) i Y

89y " oLyl 89% " 650°2 $L02 2-01 1701 0°69 : woug Leg- cLe Le e (14
LES”® vivi LES° [4 A 1192 E.E 7 L2l 0°0L -9 | adav] S g~ oLy 6l '8 0s°e

- wa | wowd |, W EM g -4 g- W Bt [ Hp D [ TE wy

PUPIN |
z pnot) uone)
yied ] -tdaad d Z l

Wauo) | wawuo) | 3IssIN jo o

1a3em aaem | Buory W ey a0j0eq Anatoagey | sanjes adA L au0Z 4 aanje VNAV( Wodj PNy

pmby pinbyy W Jo WIAU0) uone} Aytatoagjay 2WNo A jeumng uonel uotday -aadwa ] afuey assty

™oL pnoiD | readagug -Jajem-pinbrg -tdoaa g aoyead -1dioadd d0alai apuos |EWO21J0H

-au] -04pAH owpey
§i91aWeIe] DAaINSEalN - =

(JU0D)  LIND 0£:0%01 & payoune’] ‘gL61 AJendqasd Lg JO (YOI L8¥H “ON anun)
£9£9-20 °ON WINJ 31ISSIN 40j sdajaweded 102}2WOJpAH PUE JEPEY 3y} JO SaN[EA [EJIJaWNN 3y) Jo uoneIngel ‘¥J 31qeL

75




-no. S100 ey (7N T w—.n: ;190" iy ©0 ° L TET 89
nuo. ng. JOmQ v ST 2,01 190" % 9¥ L0 " oF gl z29°¢
ouc. ¥00 9oLy veu” se” 21 -0) r2s0” (T W'y 128l ety
-no. noe roty Liv® suu* 21-0L t90° ot f0°0  n0CHI 1oy
nne. 500 88ZH e ol m_-c_ 07" 0Ts oo N we s
790 oro £8ZY 0z 12y 201 - T 0Ly R £y
N r rLe - . o . .
iw tto Ly ¥ 974 21-00 - UL Ut pete ot ol 'y
S sto 0Ly ve® 9°L9 PESKTEE L uts YL e 9L Ly
280 L10 9Ty & 9°zZw PTTIRET 0 s Lo o1 e
%0 510 1114 ol 972K ..._.c_ . Lot 0oLy P 0t
660 120 B B0;0 col 2,01 - sur” bLt PETy wZ el et
Zol " t20” :3%4 e’ tol n~.c_ CESXT 10 (VRSN Ty Pl [P
9lt” 920" wil¥ LR 15t n_..: cHLG [T AN el tettl Gyt
ovL” 8Z0" Lizey 9t " okl -0t tZn " 9 °RY b sl LRt
[ % 3 0£0 " 90t | 29 kit nTc_ . yLy” [ 1Y CETe sl [ ]
el 10" tolf 89" 76t PSS R Wity et "9t
[ ¥4 £€£0° A8 4 w8 ot .._-.: [ 8°09 Tty [} [ 103
16l° $¢0° [0 4 $9° 62t »p-00 20971 0Ly Uty ol "yt
T LEQ” Felt 9yr* Hi 1t m_,c_ . 0°zy [T O Uy LRt (R §
11 [1] ./ 901y sl vtul .._.c. 0°9% R 9r, L D 3 ECE
86¥° £90° ¥90¢ [XV I o8l :.c_ 4G t i [ TN 7% 2 4} he e
68S° S¥0° 800¢% 9t °C s TS oy -ut 1°0: 0°tl- 9y T (S 3 [T
»SL 8%0° 8tot $C°L grit P 0°z T [TERES [ S [ S9N §
99L" 0S0° 848% 42 “t. 1% 3 o ot - 1°2 t - [ [T [0
8SL 2%0 oilt tZL gLiE ...Tc— 0 [T R [T 0.y RSN | 07 't
182 $S0 809t LE L [RAE 4 PARCI o — T (RS 0%l tice
s£9L° 150" 8lot | TS Hulg ST 0T v ouo t- [T [ 60t
s9L” 6S0 " 6L5¢L o * [ Y Helt 21-01 v | LI 07l LTS [ [V
HIEEN WlE w3 NnE E“ ra: Y. _.Lr 4o e .wL, i- < He Al Voada YR EE]
_mzv 139 .\
2 pnoi ) uovne;
qied @0} -dioaag q 7 1 /“
WDWO D) WIuo ) SISy Y iy
PEEL TN FT ¥ duoly n 3 H dujoe g NITATY o4y ERUISE RN RE RN et RS} YNAN D eudy o DAty
vgv‘v— U_SU_J N Jo WO ) RIRFARY Atanleljay @ unjo g L't FIITUN uutda Y s derd des ] FRIVLSY AllwsTly
el pnot ) [ea3a3u] -1a3e - pinbty sidroea g juiea’ St e FTRFI I U Pl 2t dng§
-wiu] - d SH otp vy
S1ajoulede.d | aINseIly-Jepey

(3uo D)

— - LD 0£:0401 e payoune'] ‘g6l Adenaqaq 0o (
£9£9-20 "ON WA 3ISSIN J0j SIdjaweled J03}aWOIPAH pue Jepey Iy} Jo SaN[BA [edldawny ayy ._N.ON “orwwh%wﬂz

"ON tuf))
‘¥O 3lqel

76



I o STSY ) ) 0 ) ) S or- IU°0L 00 w7

8l0° sy slo” 280 ° 197 ° PP 100" 113 T ok~ 1’0l [T 4

"o - [£413 "o - F4 11 z1-0t - %00° 0L LoBy- ©0 *01 (ST

160 ° (113 44 160" £f 17 °¢ 21-01 - £0° 0°tt L 9%~ 98y 00 "®?

E< 10 11144 (21 % (1 %0 “n z1-01 - ¥¥O° rost daang P o Tl 0% "7

119 9 (¥4 44 £ I [T t°0! 21-01 - 1s0° 0°9% RISl ) DM S 9%y 00 °:7

. . - . . 93 . ;. o

124 z8ey | z2l ot s z1-01 - 0 Boot _ bank £oze- CUR T
090 ° 15e¥ 080 ° " 1t w—-o— - 020”7 o'ch ) -3l [ 9 u 00 ‘42 [ X T
[] SZEY 0 ) 0 0 0 CACPR 90 '8 0°5T ToL
0 1144 4 0 0 0 0 V] LR 2 Y8 'H 1992 [ 190
] sTLy [} 0 ] 0 [ avap)y 9L sty Lo 2e [
] szEY 0 0 1] 1] 0 paunssy. 9°uZ- gL £L°1e [
] [$49 2 0 0 1] 0 V] auvy ¥z~ Be ! “9°ul T
020 " vZEY 020 ° ¥:0° t0! 21-01 - Ts0° 0°9F T°%e- [T X [
z20° 1zer zz0° 80 ° €t 21-01 < 190° 4 9% 9°¥2- DN [P 06 S
€20 " 6lEY £€20° 980 ° 141 21-91 - ¥90° [T 3 1oye- T el [
§z0° 91cy €20° 980 1 z1-0t - ¥90° oy ::._,u._..H 912 LTI oo 81 ul's
s20° [] ricey £Z20° 940 * (I z1-01 - ¥90° 0"t tey EEELS ez~ [T TH R s
ﬂlEE ler_ w3 Nl&.— E” —nli.u ua —.Lf AT ® IRYY L ....w e 1- -d HE ) 1 ddL. Y un

w% 139 g
¢ paot ) uone
yieg Y] -diiasg d Ve 4 =
W0 ) wawo)| issiiy jo 30
d3ymm LII®M Buo|y N S H PIEP S - | CULALY v}y ~an]r y w1 ] BTy wdngv YNAY Woday o4 Ny
pmby pnbtg N Jo W ) uerr LTSRS FRE TFT S @ UNRJo Y tEud uuie, uutlay -4 ida ] sdukey AlINNY]Y
™oL pnol) | (wadaul | -aaep-pinbrg Srdiaaagg POTLFA SUTRFTNTE TN o Ut~ [FiLozidoy
-ju] -ua) AH utpey
S1IIQWIRIE, | | SINSLI|\ - JBLEY

(

woH)

LIND O£:0v01 ' P3Yydune’] ‘g gl Adenaqay LZ JO (YOI L8FH "ON WNu[)
£9E9-20 TON WIT[J IISSIY J0j S13}2WeSe] J03}2WOIPAH PUE IBPEY 3y} JO S3N[E \ [EDIJIWNN 3y} Jo UOEINQEL ‘pD) I[qE L



Appendix D

Precipitation Measurements at the Surface Level

DBl SURFACE MEASUREMENTS OF PRECIPITATION RATE
AND LIQUID-WATER-CONTENT

The precipitation rate (rain rate) nt the launch site of the missiles and in the
nearhy vicinity was measured by tipping-bucket and weighing gauges and was also
determined indirectly from disdrometer instruments, as explained in R No. 1 and
R No. 2. The sites of the measurements are indicated in Figure DI,

The precipitation-rate and liquid-water-content values measured hy the two
disdrometer instruments (Numbers 1 and 3) locuted at the luunch site are shown by
the time plots of Figures D2 and D4, The plots of the first figure pertain to the
storm of 2 February 1973; those of the second figure pertain to the storm of 27 Feb-
ruarv 1973, The plots are for 3-hr periods centered approximately about the launch
times of the missiles. The launch times are indicuted,

The ordinate scales it the left in these figures give the precipitation rate (P),

in mm hr-l. The ordinate scales at the right give the liquid-wuater-content of the

precipitation (M), in gm m'a. The \l and P> scales are related bv the power-function

equations that are shown drafted at the lower right in each of the diagrams. These
equations were determined from regression analvses (non-linear) that were per-
formed on the size-distribution data .cquired from the disdrometers (see R No. 1,
R No.2, and R No. 3). The equations differ somewhat, due to the different rain-

rates sensed by the tipping-bvcket instruments as opposed to the disdrometers,
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Figure D2, Time-Plots of Precipitation Rate and l.iquid-Water-Content at the
Surface l.evel for the 1-hr Period Centered About the l.aunch Times of the
Missiles, From Disdrometer Data Acquired at the l.aunch Site on 2 February 1973

The precipitation rates and liquid-water-content vilues that were measured by
(or determined from) the tipping-bucket gauges at the launch site and at the so-
called "South Site'" [(1ocated approximately one-half mile south of the launch site
(see Figure Dli are shown by the time plots of I'igures D3 and D5. The plots of the
first figure pertain to the storm of 2 February; those of the second figure pertain
to the storm of 27 February. The upper diagrams in each figure show the plots for
the tipping-bucket gauge located at the launch site. The lower diagrams show the
plots for the gauge located at the South Site. Ordinate scales of both P’ and M have
been drafted on these diagrams, as in the case of the disdrometer diagrams. The
equations of relationship are noted. (It might be mentioned that these equations are
based on the combined data for the two disdrometers at the launch site.)

‘Tipping-bucket gauges were alsooperated at the NorthSite and the RARF Site shown
on the map. These gauges were of a non-standard type, however, and there were
associated data analysis problems. The data were never reduced to final form for

presentation.

81




T M T i T T 1 I 1

LAUNCH SITE

S

RAIN RATE (mm nr')
(o]

m:00525p " oo

i 1 ! 1 1 i i 1 |
1300 1400 1900 GMT
LAUNCH TIMES

(o]

RAIN RATE (mm '

m:00s25p ™"

01

aasaad
[}
Q

1 1
1300 1400 1500 GMT

LAUNCH TIMES

P'igure D3, Time-1'lots of I'recipitation R.te and 1 1quid-\W ater-Content at the
Surface l.evel for the 1-hr 'eriod Centered About the ! unch Times of the
\hisgiles, From Tipping- Bucket ity Vequired at the I aunch Site and South Site
on 2 February 1971

\n examination and comparison of Figures D2 and D3, for the storm of 2 'eh-
ruzrv 1973, reveals that the precipitation rates at the surface level during the
period illustrated ranged generallv from about 1 to 10 mm hr~ I. The liquid-water-
contents ranged from about 0, 05 to 0,30 gm m-'q. The figures also reveal that the
precipitation rates and liquid-water-content values increased and decreased more-
or-less in concert, at all gauges at both sites, throughout the measurement period,
This indicates that the storm precipitation at the surface level was relativelv homo-
geneous in its spatial characteristics, at least at horizontal scale somewhat exceed-

ing the one-half mile spicing between the launch site and South Site gauges.
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The launch site gauges at the times of the missile firings on this date (the two
missiles were launched 30 sec apart) guve precipitation-rute values vurving from
about 2to 4 mm hr® l. with liquid-water-contents varving from abhout 0,1 to 0,2
gm m-g. depending on which of the gauge values one chooses to bhelieve,

W ith regard to the Figures )4 and DS plots for the storm of 27 Fehruary 1071,
it should be explained that the disdrometer instruments at the liunch site were not
“turned on’" until 1010 G\IT, hence data were available onlv for the latter portion
of the illustrated time period, The tipping-bucket gauges at the launch site and
south site were operated throughout the total period, however,

Inspection and inter-comparison of the diagrams of lFigures D4 and D5 show
that the precipitation rutes at the surface level during the 1-hr period centered
about the Liunch times of the missiles (the two missiles on this dav were also
linunched 30 sec apart) ranged generally from ahout 0.6 to 4 mm hr-‘. The hquid-
water-contents ranged from about 0,03 to 0,19 gm m-g. The peaks and troughs of
the time plots for the different gauges during this period were well correluted and
the rainfall was reasonably homogeneous over the horizontal .irea of the two site
locations, llowever, it is also seen from the diagrams that the precipitation rates
and liquid-water-content values determined from the disdrometer instruments were
substantially smuller than the tipping-bucket values from about 1130 (.NMT onward,
during the dissipating phase of the storm when the precipitation rates were generally
less than 0.5 mm hr~ l. The disdrometer instruments, during this phase, were
apparently insensitive to the smallest of the falling raindrops and the precipitation-
rate and liquid-water-content values computed from the data were, consequently,
erroneously smull, The disdrometer precipitation-rates were also appreciahly
smaller than the tipping-bucket rates during the immediate launch period of the

missiles,

The surface values of precipitation rate assumed for the trijectory computations
of Tables C'1 and C2, of Appendix C, were 3.9 mm hr-!, for the first missile, and
4.2 mm hr-!, for the second. The liquid-water-content values at the surface level
for the trajectories were computed from the ".Joss Widespread' equation relating
M and P, see Tahle 2, R No. 2, which gave 0,245 gm m~9, for the first missile,
and 0,261 gm m~™", for the second. The disdrometer relationships between M

and P, shown in Figure D2 were not used in the trajectory computations, because
disdrometer calibration problems existed that delaved fhe equation determinations
until many months following the completion of the trajectory computations., Use of
the disdrometer equations in place of the "Joss Widespread'' would increase the
liquid-water-content in the rain regions by approximately 35 percent.
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Figure D4. Time-Plots of Precipitation Rate and l.iquid-Water-Content at the
Surface l.evel for the PPeriod 1/2-hr Prior to launch Time to 1-1/2-hr Subse-
quent to l.aunch Time, From Disdrometer Data Acquired at the Launch Site on
27 February 1973, The disdrometer instruments were not ''turned on" until
12 hr Before l.aunch Time on This Day

Thus, although the disdrometer results for 27 February 1973 are presented
herein, for completeness, it should be emphasized that questions exist concerning
the instrument calibrations and the accuracy and significance of the results, * (The
disdrometer problems of this day were mentioned in R No. 1 and R No. 2, in the
context of our inability to use the disdrometer data to secure a meaningful calibra-

tion constant for the IF'I’S-18 radar),

A

The disdrometer instruments are essentially ''relative indicators'' which have to

be set or "calibrated’ in order to provide quantitative results. There are several
methods of calibration. A sensitivity check, or "electronic calibration method",

is provided as part of the instrument circuitry. Water drops of known sizes can

be dropped on the sensing heads of the instruments, from heights assuring terminal
velocities, and the disdrometer readings of drop size can be adjusted for conform-
ance with the actual, The total rainfall computed from the disdrometer data for a
period of relativelv-long duration, some 2 to 3 hr or so, can be "adjusted"’, by
recomputation, to correspond to the total rainfall measured by the tipping-bucket
gauges, and/or weighing gauges, for the same, common period. The disdrometer
precipitation-rates can also be adjusted, during computations, so that the computed
rates agree with the tipping-bucket rates for any given time or time interval of
choice. The particular calibration method or combinations used for the data of

27 February 1973 is unknown to the author,
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FFigure D5, Time-Plots of Precipitation Rate and l.iquid-Water-Content at the
Surface l.evel for the 3-hr Period (entered About the l.aunch Times of the
Missiles, From Tipping-Bucket Data Acquired at the L.aunch Site and South Site
on 27 February 1973

The tipping-bucket gauge at the launch site at the firing times of the m.zsiles on
27 February gave a precipitation rate of 1.26 mm hr-l. A value of 1.3 mm hr'] was

used for the trajectorv computations discussed in Appendix C.

D2. COMPARATIVE SIZE-DISTRIBUTION MEASUREMENTS
OBTAINED ON 26 FEBRUARY 1973

The size variation of the number concentration of the raindrops recorded by the
disdrometer instruments was ''checked and compared”, on 26 February 1973, with
measurements made, at common sites and times, by a "'dyed filter-paper'' technique.

The rainstorm of 26 February 1973 was not a launch day for the SAMS missiles.
However, the comparison data obtained on this date are quite pertinent to the SAMS
objectives of accuracy and uncertainty assessment.
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In t1e filter paper technique, which {8 a conventional meteorolorical technique,
large filter-paper disks (24 cm in diameter), which are impregnated with methylene -
blue powder, are exposed to the falling rain for carefully timed intervals (which
vary inversely with the rainrate), The raindrops that fall on the filter paper during
the exposure interval wet the paper and lissolve the methvlene-blue powder at the
p'aces where thev strike the paper, ‘Thus, they leave "hlue colored signatures’,
or patches, on the paper which can be manuallv sized and counterl in later analyses,
The penera! relationships hetween the "patch diameters’ and the "physical diam-
etere’’ nf the raindraps have been established through various calibration studies
performed in the past.5 The specific relationships, for the AFCRI. tosts of
26 Fehrvarye 1973, were established by calibrations performed by Mr,

Ny o

¢ -+ i comparisons were made during the rainstorm of 26 February, In
the first which was performed at the launch site, two filter papers were exposed
for 15 sec each, in quick succession, during the particular time interval 1249:00
to 1249:30 I'ST, which corresponded to the recording interval of the two dis-
drometers, Numbers 1 and 3, that were located at the site and operating at the
time., The two disdrometers were spaced about 4«ft apart, ‘T'he filter paper
saniples were obtained from a location mid-way between the .lisdrometers, The
papers were exposed at ground height in the "bottom half of a film can'', the top
cover of which was removed at the beginning of the exposure and replaced at the
end, A 15-sec exposure of the filter paper was required hecause of the rainrate.
This meant that two papers had to he exposed to cover the 30-sec recording inter-
val of the lisdrometers, 'I'he person who placed and exposed the paper of the second
sample approached the disdrometer vicinity from the downwind side and was only
brieflv present, for about 1to 2 sec, at arms length Jdistance from the disdrometers,
Thus, he lid not interfere with the measurements in anv material way.

The second set of comparisons was made at the South Site location during the
time interval 1341:00 to 1341:30 I'ST, 7Two filter papers were exposed in the same
manner lescribed above, while the disdrometer instrument at the site was operating
and recording sive istribution information,

The precipitation rates for the disdrometer and filter-paper measurements at
the two sites were ‘letermined for the 30-sec intervals cited previously, using
methods described in R No, 1 and R No, 2, These precipitation rates are shown
listed in Table D1, Also shown are the precipitation rates that were measured dir-

ectly by the tipping-bucket gauges at the sites, These are the "calibrated precipi-
tation rates'’ of the tipping-bucket gauges, which have been corrected for "bucket
spillage as a function of rainrate'', (The corrections were established by laboratory
calibration of the instruments. The values are small, less than 5 percent, for
rainrates below 5 mm hr 1),

5. Marshall, J.S, l.angille, R,C,, and Palmer, W, McK. (1947) Measurements
of rainfall by radar, J. Meteor, &:186-192.
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Table N1, Comparison Rainrates Determined for Two Sites and T'ime
Intervals During the Storm of 26 February 1973

Rainrate
Site Time Interval Method of Measurement mm hr=!
l.aunch Site 30 sec Disdrometer No, 1 1,72
(1249:00 to
1249:30 I'ST) Disdrometer No, 3 1,24
Iilter Paper 2.5
Tipping-Bucket Raingauge 2
South Site 30 sec isdrometer No, 4 1. 86
(1341:00 to
1341:30 ST) Filter Paper 4,1
Tipping-Bucket Raingauge 3.4

It is seen, from the table, that the Jdisdrometer rainrates at the individual sites
were substantiallv smaller than those determined from the filter paper or measured
by the tipping-bucket gauges, Comparisons of the rates for the filter-paper vs those
for the tipping-bucket reveals reasonable correspondence at the launch site but
appreciable Jifference at the south site,

Size distribution information for the iisdrometers and filter-paper samples is
presented in Table N2, The number concentrations of the Irops are shown in the
first lines of the table, which pertain to the individual samples, ‘I'he numher con-
centrations are liste | in the particular liameter classes which are the "counting
classes” of the {isdromete: instruments, ‘The concentrations for the filter-paper
samples are listed in these same classes, for comparability,

The class contributions to the liqui {-water-content and to the radar reflectivity
factor are shown in the secoand and third lines of the table, for the individual samples,
The total number concentrations of the irops, of all si-es in the populations, are
presented under the column labeled "V.l.". l.ikewise, the total liquid-water-content,
M, and the fOt_’ll radar reflectivity factor, 7, are listed in the columns immediately
following. (It should be noted that the parameters tabulated in the last five columns
will not be liscussed in the present appendix. Thev nertain to subjects considered

in Appendix I, and will he described therein),
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With regard to the number concentration values shown in Table 1)2, it is seen
that much-larger numb~rs of raindrops were detected by the filter papers than were
recorded by the Jdisdrometers (by a factor of 3 to a factor of 8,7). The disdrometers
failed t» detect the amallest drops and/or detected them in number concentrations
less than were actually present, }For drops from about 0,75 mm to 1,7 mm, the
concentrations were roughly the same for the (disdrometers and filter papers. Then,
again, for drops of the largest sizes, the disdrometers generally failed to detect
drops as large as were captured on the papers, There is a logical explanation for
this, in that the sampling area of the filter papers (~452 cm2) is some 9 times
larger than the sampling area of the Jdisdrometer instruments (50 cmz). Hence, a
greater number of the largest raindrops, which were present in the storm in rela-
tivelv-small concentration, would logically be detected by the filter papers and not
by the disdrometers. (Probability arguments can be advanced that these largest
drops should also be Jetected by the disdrometers within sampling intervals that
were 9 times larger than the basic 30-sec counting-interval of the instruments,
that is, within a 4-1/2 min period of record., It may be reported that drops as large
as detected on the filter papers were recorded on all disdrometers during the 4-1/2
min periods centered about the mid-times of the Table )2 intervals),

The lisdrometer instruments and their mode of operation were described in
R No. 1., Intheory, the instruments have a threshold of momentum detection cor-
responding to that of a gravitationally-falling drop of 0.3 mm diameter. g Under

+

operational conditions, though, this ''sensitivity threshold" is modified appreci-
ably, over short term periods, at least, by the updraft-downdraft motions associated
with atmospheric turbulence, The extent of such modifications, and of the turbulent
effects on the instrumental sizing and counting of drops of even larger sizes, is
dependent on the storm conditions of the particular day and on the locations and
methods of sitirg the disdrometers.

With dur regard to these influences, it was still apparent that the disdrometers
in the tests of 26 I'ebruary 1973, as the instruments were calibrated and operated
on this day, had severely diminished sensitivity of number count for drop sizes
smaller than about 0.75 mm. 0rops smaller than this were counted, down to the
0.3 mm threshold on two of the three disdrometers, but the recorded concentra-
tions were obviously deficient. [t was equally obvious (see Table D2) that the counts
of the Number 1 disdrometer at the launch site were so grossly deficient for small
drops as to warrant a conclusion that the instrument was malfunctioning and in=
operative,

The liquid-water-content and radar reflectivity factor values of Table )2 were
derived from the number concentration data using the fall-velocity relationships for

6. Joss, J., and Waldvogel, A, (1970) Dixdrometer RD 69 Instruction Manual,
Marc. Weibel Dipl. Ing., K'TH, Kapellenstrausse 20, 4000, Basel, Switzer-
land,
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raindrops of Gunn and Kln7rr7 which also appenr in Table 114 of the Smithsonian
Metenrological Tables (8th Edition, 1951), i These are the lall-velocity relation-
ships that are used in the "disdrometer computational program’ of AFCRI., which
is based on a program developed by Joss,

With reference to Table )2, it is seen that the M values (etermined from the
filter-paper samples were about twice as large as those derived from the dis-
drometer Jdata, (Disdrometer Number ! is ignored in these comparisons, for the
reasons stated above.) [t is also seen that the 7 values for the filter-paper were
some 2 to 4 times larver than those for the disdrometers,

It might be pertinent to mention that .Joss a1d Wa!'ivouel‘q have presented
equations and infarmation about the probabilitis of determining the ''true values"
(or long-term average values) of precipitation rate, P, and radar reflectivity
factor, 7, from measurements of drop si»e distributions in rain, The required
sample sizes and probabilities vary with rainrate, For example, for a rainrate
of 1 mm hr']. a sample size of 1,5 m2 sec is required to measure a value of P
that has a 0. 95 probabilitv of being within 10 percent of the true value; and a sample
size of 19 m2 sec is required to measure 7 to these same probability-confidence
levels, For the lisdrometer instrument, with its sampling area of 50 ('m2, this
means that a measurement period of about 5 min is needed to determine P, with a
0. 95 probability of 90 percent accuracy, and an approximate 1-hr period is needed
to determine 7, to the same accuracy,

IFor a rainrate of 10 mm hr'l. the sample sizes required to determine 1> and
7. to this accuracy are 0.5 m2 and 6,5 n12 sec, respectively. With the disdrometer,
this means that a measurement period of 2 min is needed for P and a measurement

period of 20 min is needed for Z.

7. Gunn, R., and Kinzer, G.D. (1949) The terminal velocity of fall for water
droplets in stagnant air, J. Meteorol. v9':243(565, 594, 596-7),

8. Smithsonian Meteorological Tables, 1951: Sixth revised edition,
Smithsonian Institution, Washington, D. C,

9. Joss, J., and Waldvogel, A. (1969) Raindrop size distribution and sampling
size errors, J, Atmos, Sci. %2:566-569.

90



Appendix E

AFCRL Flights, Summary Notes and Particular
Analyses, for the 1972-73 Seeson

The AFGI. C-130A nircraft was based at Hanscom Field, Bedford, Massa-
chusetts during the 1972-73 season. When storm conditions appropriate for SAMS
operations were forecast for the Wallops area, the aircraft was flown from Hanscom
IField to Wallops where: (1) it "stood by'' in a holding pattern, awaiting the potential
missile firing or; (2) it landed, usually either at Wallops Station, Virginia or
[.angleyv AFB, Virginia, where the flight crew awaited further instructions concern-
ing the storm and missile launch conditions and maintained readiness for measure-
ment sorties.

Twenty-three aircraft sorties were flown in support of SAMS during the 1972-73
season, as identified in Tauble F1, Flights were made in 13 potential storm situa-
tions, SAMS missiles were launched in two of the e situations, on 2 February 1973
and 27 IFebruary 1973, MAleasurements with the C=-130A aircraft were made in the
storms of 2 February., But measurements could not be made in the storm of

27 February, because of a propeller malfunction on the No, 3 engine of the aircraft,

91



‘padij jou
JISSHU /Y31 UIqod punoy Lsq o1¢l *SSE[\ ‘pJojpay Lsd 8860 ‘sse[\ ‘piaojpad €61 1dy 01
‘W3 uanjay Lsd seLl "SSE|\ ‘paojpad Lsd p6S1 "en ‘uonielg sdojrem €261 11ady g
‘Pally Jou IISSI Lsd 9zl e ‘uuliels sdojlem Lsd £260 ‘SSE[\ ‘paojpad £L61 11ady %
“WAIL uaniay Lsd s881 ‘SSEI\ ‘plojpa] 1sd gzl ey ‘uoneis sdojrem €L61 YOJ®BIX 9C
‘Padly jou ISS 1sd 9081 ‘e ‘uolje}y sdojjem Lsd 126l ‘ssej\ ‘pdojpad €L61 YyoJdely gz
‘Padl) jou IISSy 1S4 cist TSSe[\ ‘paojpati Lsd sigl "ey ‘uolieys sdojlem €L61 YoJe[X 12
uoljels sdojleA e XOY 154 0#01 ey ‘uuvliely sduliem Lsd 0980 ‘SSEI\ ‘pdojpad €£L61 Yo2el\ 02
‘Padl) ou IIsSIY LN s66i TSSEBI\ ‘paojpey LSHq byl "ey ‘uonleis sdojiem E€L61 Yodlely L1
‘uonlels jo aduey)) Lsd 80t "e\ ‘uouely sdojiemy Lsd gell ‘e ‘dA4YV a2l3ue] E£L61 YyoIeIX 91
Tadldue’] e NOH °PIdlj j0u IISSI Lsd ovl ‘BN "HAV a9ldue] L clel "sSe[\ ‘pJaojpat] €151 yoade|\ ¢1
“daiiadoad ¢ o\ v
JJnjie) [BJlUBYIIL ju ISNEBIAY
‘d4V SMIIpuy JJiedd| O alqeun
YOo£l-O “Lsd 0L:0¥S0 puE .
00:0¥50 I® payoune] safissil SO0 SepoEoDCoo=C oS20000 SO C O e e Sl D C Sl 91 R 1415 ( T (NE4
"SMIIpUY e NOYH ‘P4l 10U I[ISSI I~1 gt4l N 'Y swmadpuy Lsd sl¢l ‘ssel\y "pJojpay | ¢L61 Alenaqaq gz
I udnie i Lsd elsl TSSEI\ ‘pIOjpay ‘e ‘€Y A3lBueT] | g6 AdeNIQIq Z
Ls1 0£:80n,0 puE . 3
0078000 1& payoune| SIfIsSSI L<d 9ull ey ‘HAY aefdue] LsH +280 "eN ‘uoliely saoliem €L61 AJENIQI ¢
*sdojlem 18 NOH Lsd 2e91 " Tuvliely sdojjem Lsd 9641 *ssBI\ ‘paojpad | £L61 AdENIQaq |
Yaty uanzay Ls4 9181 TSSBIL ‘pAOjbaY L1sd vegl ‘e ‘d4v A2l3ue] €161 sJenuer gz
"1e9nj 40j Ad[2ue’]
03 M) ‘pady jou I[ISSI Lsd Lost ‘e ‘H4Y Adldue’] Lsd 26l ey ‘uoljels sdojlem g€lol .».,.um_.:._m—, (44
LS4 skl ey ‘uoliely sdojlem Lsd L2e0 ‘ssej\ °‘paojpag gl61 Adenuer gz
T3y uanjey 1sd gesl TSSEeI\ ‘pdojpey Lsd 0091 ‘e ‘uoljels sdojjem gL6l ‘mhaﬂcmw [
‘Padly Jou IUISSIY Lsd gH¥l ey ‘uonliely sdoflem Lsd iscl - °sselX ‘paojpad €L61 aJdenuef gf
SWYBY udniay L83 el TSSEI\ ‘PAOjpIt] LsHd g0l " ‘uoljelg sdojiem gLol »m.unscmh 81
UOLISSII\ 3doedd Lsd4 0060 ey ‘uoliely sdojjem Lsd otL0 "SSEI\ ‘p4oOjpa” €L61 Adenuel gi
‘UQISSILW WO YITY uaniay LsHd se9l "SSEI\ ‘pPaojpey Lsd g161  “ey ‘uones sdoljem £L61 mua:cmh Gl
‘PaJY J0u IISSIN L84 86l ey ‘uonieyg sdojjem 1Sd s0¢l ‘SSE|\ ‘pJojpay EL61 adenuef G|
SWUIWWOo ) awl] Buipue’] pue dwl] 3O~ L pue sayoune]
3uipue’] jo playaly aaniied¥(] (o piaydly aUISSI\ pauueld
jo saeq

92

uonewl0ju] WA YOgl-) 1DV

) S3[NS3y UOISSI\ INOQY Suawwo))
LM ‘UOSEAG £2-2L61 Yl Julang STHHY-SINVS Jo Moddng ut syt vOogI-D IDAVY Jo sawl] pue sajeg '1J 2[qeL




El. OHBSERVATIONS AND DATA ACQUIRED DURING THE
STORM OF 2 FEBRUARY 1973

Observations and measurements were made at 12 different flight levels in the
storm of 2 February 1973, The observations and measurements of the storm con-
ditions along the missile trajectories began ut about 1410 7, at an altitude of
32,000 ft (True Altitude, corrected from P’ressure Altitude), :ind thev were ter-
minated at approximatelv 1554 7, at an altitude of :thout 500 ft,

Comments about the general hvdrometeor conditions at the various altitudes
in the storm are presented in Tuble X2, These aire the edited notes of the AFCRI.
Flight Director, 1.t. Col, James I, Church., (They have heen edited only to delete
references to non-meteorological matters, such as comments regarding navigation,

positioning, radio communications, etc.)

Tuble K2, Flight Director's Notes (Concerning the General Hvdrometeor Conditions
at the Different Flight 1.evels in the Storm of 2 February 1973, The notes hiave heen
edited to delete references to non- meteorological matters, such as navigation,
positioning, radio communications, etc.

Time GMT Altitudek 1t~ ~ Hemurks

1325:00 0.3 Moderate rain, 2-3 mm size on climbout.

1325:41 1.5 Below cloud base, fog below, visibility

2-1/2-3 mile slant.

1326:43 3.4 I'ntering new cloud now.

1328:17 6.0 Still below main cloud base, have stratus below me.

1328:29 6,2 In and out tops of stratus or stratocumulus,

1328:40 6.4 Into hase of main cloud,

1328. 55 7.1 Still have occasional 4=5 mm rain.

1329:02 7.3 In clear above stratus and helow altostratus,

1330:12 8, Between lavers,precip, lighter now, most drops
2-3 mm,

1331:00 10,0 Getting small snow crystals hitting snow stick.

1331:06 10, 2 Getting | mm snow crystals now, rain has stopped,
getting little stellars up to 2 mm.

1331:44 10.0 In snow now.

1332:02 11,5 I see only small snow crystals, stellars, still
melting but not sticking, 1-2 mm crystals, no
big agglomerates hitting stick, can see

agglomerates going by near spinner.

*"Flight track diagrams'" for the C-130A sortie of 2 February 1973 exist at AFGL
which have been related to the path trajectories of the missiles. But these are not
presented because of their complexity and marginal utility.
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T:uble 12,

I'light Director's Notes (‘oncerning the (ieneral Hvdrometeor (‘onditions
at the Different I'light l.evels in the Storm of 2 Fehruary 1973 (Cont)

Time GMT

Altitude k ft

1334:07

1336:11

1337:28

1338:09

1339:04

1339.2

1339:38
1340:56

1341:46
1342:00
1324:42

1344:24

1345:25

1346:12

1347:16

1348:32
1349:56

1350:13

14,3

18,4

19,4

19,4
20,7

23,6

24.0

25.0

25.3
26,2

26.4

Rem:rks

Still getting small ice crvsatals 1-2 mm, no big
agglomerates, but still see big agglomerates
going by spinner, not hitting snow stick,
moderate intensitv.

In a1l snow now, small dendritics stellurs
1-2 mm size,.

Getting smull stellars 2-3 mm size, occasional
3 mm hut seeing bigger agglomerates going bv
spinner, riming slight bit on leading edge of
wing, all snow now,

Still in moderate snow, small ice crystals,
appear to be stellirs, size decreasing, 1| mm
mostly, occasional 2 mm ervstals now,  Still
see bigger ngglomerates going bv spinner, but
none hitting snow stick,

Still getting very smull ice crvstals about 1| mm,
verv uniform sive, agglomerates going bv spinner
getting smualler too.

Crvstals poing to needles now or possibly columns,
about 1 mm size.

Crvstals getting smaller and smaller,

In cirrus now, crvstal size 1 2 mm occasional
I mm in size,

small ice ervstals about 12 mm in syze.
We've had uhsolutelv no turbulence,

l.ight, small crvstals, 1 2 mm size columns
or needles,

('louds pretty dry up here. No riming at all on
snow stick, ice crvstals changing to platelets
now, About 1/2 mm occasional 1 mm

| see ugglomerates going bv spinner, seeing
hexagonal plates about 1/2 mm, occasional
I mm.,

Intensitv definitely tapering off on snow, crvstal
size very small, about 1/2 mm size average.

Ice crystals about 1/2 mm, light intensity, no
riming on stick at all. Saw 1 mm particle hit
stick but most about 1/4-1/2 mm, verv tiny
crystals,

Slightly bigger platelets now, about 1/2 mm size.

Sun dimly visible. Snow size continues to de-
crease in size as we climb., Now down to 1/4 mm
in plates.

I.ess than 1/4 mm; very light intensity.
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Table K2,

Flight Ihrector's Notes Concerning the General Hydrometeor Conditiona
at the Different Flight Levels in the Storm of 2 February 1973 (Cont)

Time GMT

Altitude k ft

Remarks

1353:48

1:355:56

1356:42

1359:42

1405:50

1409:30

1410:35

1414:00

1417:19

1417:55

1418:08

1418:36

1419:148
1420:35

1423:00

1424:08

1424:50

1425:22
1426:05
1426:25

1426:50

1427:21

27. 8

42,0

28, 4

28,0

2:.2

25. 1

24,5
22,9
22.4

21.8

21.0

Ice crystals still 174 mm sive, little stellars
or dendrites. No ugglomerates going by spinner,

Very tinv needles now, 174 mm, 5till in clouds
with several k t of clouds still above,

Getting small columns now about or less than
1’4 mm,

Verv tinv crvstals, hack to hexagonal plutelets
Again, 14 mm size.

Sun fuirly bright. still not 2t cloud tops,  Still
in very small 1ce crvstals,

still in clouds,

Still in clouds with very small ice crvstals, sivze
dhout 110 mm and stable cloud, very smooth
flving. Istimate cloud tops still 2-3 k ft above us,

Can see halo around sun, still in clouds, ice
crvstals about 1710 mm sive,

Still very tinv 1ce crvstals, appear to be platelets,
Sun is bright, lost hilo, crvstals verv uniform
s17ze on snow stick.

Intensity increasing but still hight, umform
crvstal size.

{ee crvstal size slowly increasing 1/4 - 1/2 mm
size,

Descending. Seeing hexagonal pliates 1/4 - 1/2
mm size.

Still in cirrus.,

l.ight intensity ice crystals, sun verv dim.
1’4 - 172 mm size, all platelets, no agglomerates.

Getting 1/4 - 1/2 mm ice crystals, platelets,
no agglomerates.

1/4 - 1/2 mm crystal size. Sun dimly visible
above, very stable flving,

Still in ice crystals 1/2 - 1| mm size, descending
to 20 K, very uniform size, light intensity.

Descending, 1/2 - 1 mm size, still platelets.
1/2 - 1 mm size now, uniform crystal sizes.

Number frequency of crystals increasing now
1/2 < 1 mm,

Ice crystals getting bigger, about 1 mm size

now, light=moderate intensity. No riming of

stick. Starting to see occasional agglomerate
going by now.

Occasional agglomerate going by, 1 mm ice
crystals, still appear as platelets.
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Table K2, Flight Director's Notes Concerning the General Hydrometeor Conditions
at the Different Flight l.evels in the Storm of 2 February 1873  (Cont)

Time GMT Altitude k ft Remarks

1428:31 20,5 ietting light turbulence chop now, some
agglomerates going by spinner, ice crystals
1 mm size.

1429:34 20. 4 | mm size, seeing needles now mixed with

platelets. Agglomerates going by spinner
that are larger.

1430:00 20.6 1 mm platelets now, moderate intensity, no
chop now.

1431:30 20,7 Hack to platelets, | - 1.5 mm size,

1432:00 20.6 Have three size crystals now. Most are

1 - 1.5 mm platelets, another size 2 mm much
less frequent than agglomerates, 3 - 4 mm
going by spinner.

1433:16 20.5 Moderate intensity crystals or size 1.5 mm,
no riming of stick vet, see large agglomerates
going by spinner,

1434:45 19.3 Still getting small platelets, 1 - 1.5 mm size,
moderate intensity, no riming, smooth flight,
see big agglomerates going by spinner,
moderate intensity.

1435:19 18.5 Stick starting to rime up now,
1435:38 18,2 Moderate intensity of crystals.
1436:06 17.5 Getting into snow flake region now, picking up

2 - 3 mm agglomerates on anow stick.

1436:17 17.2 Size increasing, moderate intensity, 1 - 2 mm
flakes with some agglomerates, getting into
stellars and dendrites, riming on snowstick.

1436:49 16.4 No cloud drops on windshield.

1436:57 16.3 Moderate intensity, crystals 1 - 2 mm, larger
in agglomerates.

1437:25 15. 8 Still getting | - 2 mm separate crystals (flakes).

No agglomerates hitting stick, 2 - 3 mm size.
Much bigger agglomerates blowing by spinner.

1438:48 15.2 Definitely in snow, lots of big agglomerates,
moderate to heavy intensity, 2 mm average
size crystal, no real riming of stick.

1439:57 15,2 Agglomerates sizes 3 - 4 to even 5 mm sizes,
1440:00 15. 2 Average size 2 mm, agglomerates from

3 -5 mm sizes.
1441:56 15.2 Moderate-heavy in snow, 2 - 3 mm with much

larger agglomerates going by 3 - 5 mm, no
riming on snow stick, snow nice and dry,

1443:05 15,1 Big agglomeraties going by 3 - 5 mm sizes,
2 - 3 mm sizes hitting snow stick but do not
appear to be inadividual crystals.
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Table E2. Flight Director's Notes Concerning the General Hydrometeor Conditions
at the l)ifferent I'light l.evels in the Storm of 2 Febguary 1873 (Cont)

Time GMT Altitude k ft Remarks

1444:00 14. 3 IFlake sizes 2 - 3 mm,

1444:07 14. 1 Starting to rime on leading edge of wing.

1444:57 12.9 Getting into hedvy snow now, large agglomerates

3 - 5 mm, no snow sticking on windshield 2 - 3
mm sizes, appear tg be dendrites.

1445:48 12,2 Occasional cloud‘top now, getting towards
melting zone,

1446:20 12,2 2 - 3 mm size agglomerates, defiritely not in-
dividual snow flakes now.

1447:08 1.9 2 - 3 mm size flakes, melting :: they hit snow
stick.

1447:43 12,1 Moderate-heavy snow agglomerates, ! - 3 mm

L3

sizes, with bigger ones 4 - 5 mm, no r
riming, in ana out cloud tops.

1449:15 12,1 Seeing dendrites, moderate inter “

across most abundant class, 1o*

agglomerates blowing by spinner, .t

any liquid droplets at this altitude, 1 der ' nileg,
1450:53 11. 8 Snow stick riming up, 2 - 3 mm agglome . v,
1451:40 11,1 Definite dendrites, moderate intensity, 1arge

agglomerates going by snow stick, flakes hit and
melt immedintely at this altitude, 2 - 3 mm
average size, large ones 4 - 5 mm,

1452:19 10. 5 No precip hitting gwindshield, in und out of
clouds now.

1453:00 10, 3 Now in rain.

1453:13 10, 2 See large agglomeratesdgoing hy at § - 6 mm
sizes with rain, rain moderate intensity.

1453:33 10,1 Some small snow mixed with rain.

1453:51 10. 1 Getting lurge rain drops now, size 2 - 3 mm,

occasional burst of larger droplets 3 - 4 mm,
some spow mixed in (10 percent), mostly
rain in light cloud.

1454:29 10,1 Some light chop, drops 2 - 3 mm in rain, some
riming vet.

1454:56 10, 2 Bursts of rain but some small flakes.

1455:13 10. 1 Occasgional big rain drops, melting snow flakes
1 - 2 mm sizes, occasional 3 - 4 mm drops.

1455:44 9.9 In mixed cloud, rain and snow,

1456:15 9,9 In convective cell, moderate intensity, heavy

shower, 4 - 5 mm rain, no snow.

1459:07 10.0 In showers now, light chop, large rain
4 - 5 mm drops, many more smaller 2 - 3 mm
size, seeing no snow hitting stick.
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Table ¥

Time G

-

1500:05
1501:10

1501:40
1502:02

1504:18
1504:46
1507:35
1508:20
1508:20
1509:00
1509:23

1510:37
1513:43
1514:00
1515:21
1515:39

1521:48
1522:24
1522:30
1524:46
1527:08
1528:22

1533:43
1434:28

1537:31

2, Flight Director's Notes (‘oncerning the General Hydroineteor Conditions
at the Different Flight |.evels in the Storm of 2 February 1973 (Cont)

—— o — e

AT \titude k ft

Remarks

10, 1

8., 9

8.1
8.1

19
.
x > O O =

W W W e o
. .
D W D O O N

\'erv heavv showers, very big drops 6 - 6 mm,
most rain 3 mm size, no snow,

Continue in convective showers, 5 - 6 mm drops
on windshield, or precip size 3 mm.

Clouds verv thin,

\Moderate showers, 4 - 5 mm drop size, majority
of rain 2 - 3 mm drops.

\loderate showers, 2 - 3 mm drop size pre-
lominatelv, occasionald -4 - 5 mm drops
mixed in,

Steady rain, 2 - 3 mm size predominately,
Occasional light chop at altitude.

In steady moderute rain, light chop.

Just above cloud tops, very ragged.

Rain continues moderate intensitv.

Rain continues, (moderate rain),

Below altostratus deck and above stratocumulus
deck, no real turbulence.

In ragged cloud,

See broken stratus below me.

Occasionally flicking through top of stratus,
Moderate showers now,

Steady rain, no turbulence, essentially between
decks.

Steady rain, down to light intensity.

Very thin cloud, very little turbulence.

Now in moderate showers,

Back to light intensity precip.

Still in light to moderate rain, uniform rain,

Just above tops of stratus. Rain is steady,
light - moderate intensity.

Appear to be belov stratus deck now.

Light - moderate rain now, maximum drop size
about 3 mm, maybe occasional 4 mm, mostly
2 mm sizes.

Below most of stratus clouds, in light - moderate
rain,
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The C-130A flight of 2 February 1973 was plagued with instrumental difficul-
ties and malfunctions involving three of the four primary cloud-physics sensors.
The chloroform-fornivar solution used for the replicator instrument was unavail-
able, hence, this instrument was not operated during the flight. The shutter on
the foil-sampler instrument "froze open'' at 1415 Z, during the first SAMS mea-
surement pass at the 32, 000-ft level, and the aluminum foil of the recording roll
tore and separated abovt 8 min later. The recording system for the raindrop
spectrometer instruman: malfunctioned and, although the instrument itself
operated properly throughout the flight, no data record was available for analysis.

The Johnson-Williams (JW) liquid-water-content meter functioned well during
the flight arnd provided the data, concerning cloud liquid-water-contents, which
were previously referenced and illustrated in Figure 5 of the main text. These
data were also used in the summary tables of Appendix G, Tables G2 and G3.

E2. ANALYSES OF FOIL REPLICATOR DATA

Two types of analyses were performed on the useable portion of the foil
replicator record (obtained before the foil broke). The first was performed on the
"ascent portion"# of the record to establish the maximum sizes of the snow and
ice particles that were present in the storm at the different altitudes, also to esti-
mate the approximate number concentrations of the particles, when possible. In-
dependent analyses were performed by two, skilled persons, to determine if sub-

jective differences existed and to assess their nature. a0

The analyses were per-
formed directly on the foil record using a ''measuring magnifier''. About three
man days of time was required by each analyst. The data results are shown in
Table E3, Summary informationis presented inthe table concerning the ''snow stick
observations' of the flight director. The sampling volumes are also listed inthe table,

These arelarge, compared to normal sampling volumes foraircraft instruments, but

are still very-small, relative to the aimoepheric volumes observed by the RARF
radars used for SAMS,

The aircraft ascended over the "holding pattern location (about 20 to 35 miles
SE of Wallops), The foil-sampler instrument was "turned on' during ascent at
approximately 1331 Z, at the 11, 000-ft level, and the aircraft reached its maxi-
mum flight altitude, of 32, 000 ft, at about 1410 Z, The "ascent portion'' of the
foil record, mentioned above, was obtained during this period, which was some-
what prior to, and including, the times of the missile launchings. The storm on
this day was quite homogeneous (see Appendices A and B),therefore, the foil data
obtained over the holding area are probably representative of the general storm
conditions over the launch area,

10. Church, J.F., Pocs, K.K., and Spatola, A.A. (1975) The Continuous Aluminum-
Foil Hydrometeor Sampler; Design, Operation, Data Analysis Procedures
and O eraﬂ lnefruaions. IFC&E T% 75-0370, Instrumentation Papers

0.
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It is seen that the snow nggregates in the lowest altitude layer of the table,
between 11,000 and 14, 000 ft, had sizes (physical sizes) as large as 7.5 mm and
that the maximum particle sizes generally decreased upward from this altitude layer
to the storm top level. The table reveals that the separate analysts differed sub-
stantially in their measurements of the maximum sizes in the altitude range from
20, 000 to 32,000 ft. The table also shows that the maximum sizes observed on
the "'snow stick’' were appreciably smaller than those measured from the foil, This
is to be anticipated, since the ''sampling volume'' of the snow stick (the air volume
that "'impinges’’ on the snow stick, the contained particles of which are observed by

the human eye during its "'\ .icntivity interval”') is considerably smaller than that
of the foil sampler instrument. It should be noted that larger-size particles, than
observed on the snow stick, were frequently seen passing in front of the "'black
background'' of the aircraft spinners (the propeller hub assemblies) and/or were
detected by the spectrometer instrument of the C-130A aircraft, These instances
are indicated in Table E3 by the asterisks.

In the second type of analysis performed on the foil record, four particular
samples of the record were selected for the SAMS measurement portion of the
flight (following the missile firings). The sample times and altitudes are noted
in Tables E4 and E5. The portions of the foil record containing the selected samples
were photographically enlarged and printed using optimum contrast lighting and
processing. The magnification varied but ranged from 6x to 6.5X, For three of
the samples, those of Table E4, the numbers of the ice particle impressions shown
on the prints were counted in size-classes of the largest particle dimension. For

two of the samples (one common), those of Table E5, the numbers of the particles
were counted in size-classes of the average particle dimension, which was an
average of the length and breadth dimensions of the particle images shown on the
prints. (The 1416:48 Z sample for the 30, 000 ft level was "counted both ways'’,
hence, the data for this sample as counted by the first method are shown in Table
ES). Subjective allowance was made in the analyses for the differences between the

images of the ''dent sizes" of the particles and their "physical sizes”. It might
additionally be noted that the minimum particle size that could be reliably and
consistently counted by the analyst was about 0. 2 mm; the absolute threshold of
size detectability wasabout 0,05 mm, Approximately two man weeks of photo-
graphic and analytic effort were required to obtain the presented data.
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